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PEEP  ACE. 


The  present  Volume  completes  an  entirely  rewritten  and  greatly- 
enlarged  Second  Edition  of  the  Author's  "Practical  Chemistry." 
The  reasons  for  the  change  of  title  have  been  already  explained 
in  the  preface  to  Vol.  I. 

In  both  Manuals—"  Foods  "  and  "  Poisons  "—a  common  mode 
of  introducing  the  subject  by  an  historical  notice  has  been 
adopted; — in  the  one  case,  successive  methods  of  Food- Adultera- 
tion Avere  briefly  sketched,  and,  in  the  other,  the  forms  of 
Poisoning  practised  by  different  nations  at  different  periods, 
together  with  the  growth  of  modern  Toxicology,  have  been 
passed  under  review. 

The  primary  object  in  the  Classification  followed  is  the  con- 
venience of  the  Practical  Chemist;  but,  wherever  possible, 
"natural "  groups  of  Poisons  have  been  formed. 

Snake-poison  and  other  toxic  Animal  Secretions  have  received 
notice,  and  much  attention  has  been  paid  to  a  subject  com- 
paratively unworked— that  of  the  Cadaveric  Alkaloids. 

In  the  Appendix  will  be  found  a  brief  resume  of  the  latest 
methods  for  the  identification  of  Stains  of  Blood;  and,  for  im- 
mediate reference  in  cases  of  emergency,  it  has  been  thought 


advisable  to  add  an  alphabetically-arranged  List  of  tlie  more 
common  Poisons,  with  brief  directions  for  treatment. 

The  Author  has  endeavoured  to  give  an  original  cast  to  the 
work,  by  embodying  in  it  his  own  views  and  experiences,  while 
summarising  carefully  the  labours  of  others,  and  referring  the 
reader  desirous  of  further  information  to  the  more  extended 
Memoirs  and  Monographs  bearing  on  special  subjects.  He 
trusts  that  the  now  completed  Hand-Book  of  Food-  and  Poison- 
Lore  will  be  found  of  real  and  practical  utility  both  to  Students 
and  Experts. 

OouKi  House,  Mabylebone, 

November,  1883. 
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I.— THE  OLD  POISON-LOEE. 

§  1.  It  is  significant  that  the  root  "  tox  "  of  the  modern  word 
toxicology  can  be  traced  back  to  a  very  ancient  word  meaning 
"  bow  "  or  "  arrow,"  or,  in  its  broadest  sense,  some  "  tool "  used 
for  slaying :  hence  it  is  no  far-fetched  supposition  that  the  first 
poison-knowledge  was  that  of  the  septic  poisons.  Perchance  the 
savage  found  that  weapons  soiled  with  the  blood  of  former 
victims  made  wounds  fatal;  from  this  observation,  the  next 
step  naturally  would  be  that  of  experiment, — the  arrow  or  spear 
would  be  steeped  in  all  manner  of  offensive  pastes,  and  smeared 
with  the  vegetable  juices  of  those  plants  which  were  deemed 
noxious ;  and  as  the  effects  were  mysterious,  they  would  be 
ascribed  to  the  supernatural  powers,  and  covered  with  a  veil 
of  superstition. 

The  history  of  the  poison-lehre,  like  all  history,  begins  in  ■ 
the  region  of  the  myths ;  there  was  a  dark  saga  prevailing  in 
Greece,  that  in  the  far  North  existed  a  land  ruled  by  sorcerers — 
all  children  of  the  sun — and  named  Aeetes,  Perses,  Hecate, 
Medea,  and  Oirce.  Later  on,  the  enchanted  land  was  localised  at 
Colchis,  and  Aeetes  and  Perses  were  then  said  to  be  brothers. 
Hecate  was  the  daughter  of  Perses  ;  she  was  married  to  Aeetes, 
and  their  daughters  were  Medea  and  Circe. 

Hecate  was  the  discoverer  of  poisonous  herbs,  and  learned  in 
remedies  both  evil  and  good.  Her  knowledge  passed  to  Medea, 
who  narcotised  the  dragon,  the  guardian  of  the  golden  fleece,  and 
incited  Jason  to  great  undertakings. 

In  the  expedition  of  the  Argonauts,  the  poets  loved  to 

1 


^  POISONS  :    THEIR  EFFECTS  AND  DETECTION.         [§  2,  3. 

describe  Hecate's  garden,  with  its  lofty  walls.  Thrice-folding 
doors  of  ebony  barred  the  entrance,  which  was  guarded  by 
terrible  forms ;  only  the  initiated  few,  only  they  who  bore  the 
leavened  rod  of  expiation,  and  the  concealed  conciliatory  offering 
of  the  Medea,  could  enter  into  the  sanctuary.  Towering  above 
all  was  the  temple  of  the  dread  Hecate,  whose  priestesses  offered 
to  the  gods  ghastly  sacrifices. 

§  2.  The  oldest  Egyptian  king,  Menes,  and  Attalus  Phylo- 
meter,  the  last  king  of  Pergamus,  were  both  famous  for  their 
knowledge  of  plants.  Attalus  Phylometer  was  acquainted  with 
hyoscyamus,  aconite,  conium,  veratrum,  and  others ;  he  experi- 
mented on  the  preparation  of  poisons,  and  occupied  himself 
in  compounding  medicines.  Mithradetes  Eupator  stood  yet 
higher;  the  receipt-  for  the  famous  theriaca,  prepared  in  later 
years  at  an  enormous  price,  and  composed  of  fifty-four  different 
ingredients,  is  ascribed  to  him.  The  wonderful  skill  shown  by 
the  Egyptians  in  embalming  and  technical  works,  is  sufficient 
to  render  it  fairly  certain  that  their  chemical  knowledge  was 
considerable ;  and  the  frequent  operations  of  one  caste  upon  the 
dead  must  have  laid  the  foundations  of  a  pathological  and 
anatomical  culture,  of  which  only  traces  remain. 

The  Egyptians  knew  prussic  acid,  as  extracted  in  a  dilute 
state  from  certain  plants,  among  the  chief  of  which  was 
certainly  the  peach, — on  a  papyrus  preserved  at  the  Louvre, 
M.  Duteil  read,  "  Pronounce  not  the  name  of  I.  A.  O.,  under 
the  penalty  of  the  peach!"  in  which  dark  threat,  without 
doubt,  lurks  the  meaning  that  those  who  revealed  the  religious 
mysteries  of  the  priests  were  put  to  death  by  waters  distilled 
from  the  peach.  That  the  priests  actually  distUled  the  peach- 
leaves  has  been  doubted  by  those  who  consider  the  art  of 
distillation  a  modern  invention;  but  this  process  was  well  known 
to  adepts  of  the  third  and  fourth  centuries,  and  there  is  no 
inherent  improbability  in  the  supposition  that  the  Egyptians 
practised  it. 

§  3.  From  the  Egyptians  the  knowledge  of  the  deadly  drrak 
appears  to  have  passed  to  the  Romans,  for,  although  not 
expressly  mentioned,  yet  the  fact  that,  in  the  reign  of  Tiberius, 
a  Boman  knight,  accused  of  high  treason,  swallowed  a  poison, 
and  fell  dead  at  the  feet  of  the  senators,  is  wholly  inexplicable, 
unless  it  is  allowed  that  the  fatal  dose  was  prussic  acid,  and 
that  in  a  tolerably  concentrated  form. 

The  use  of  poison  by  the  Greeks,  as  a  means  of  capital  punish- 
ment, without  doubt  favoured  suicide  by  the  same  means ;  the 
easy,  painless  death  of  the  state  prisoner  would  be  often  preferred 
to  the  sword  by  one  tired  of  life.    The  ancients  looked  indeed 
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upon  suicide,  in  certain  instances,  as  something  noble,  and  it 
Avas  occasionally  formally  sanctioned.  Thus,  Yalerius  Maximus 
tells  us  that  he  saw  a  woman  of  quality,  in  the  island  of  Ceos, 
who,  having  lived  happily  for  ninety  years,  obtained  leave  to  take 
a  poisonous  draught,  lest,  by  living  longer,  she  should  happen  to 
have  a  change  in  her  good  fortune ;  and,  curiously  enough,  this 
sanctioning  of  self-destruction  seems  to  have  been  copied  in 
Europe.  Mead  relates  that  the  people  of  Marseilles  of  old  had 
a  poison,  kept  by  the  public  authorities,  in  which  cicuta  was  an 
ingredient ;  a  dose  was  allowed  to  any  one  who  could  show  why 
he  should'  desire  death.  Whatever  use  or  abuse  might  be  made 
of  a  few  violent  poisons,  Greek  and  Roman  knowledge  of  poisons, 
their  effects  and  methods  of  detection,  was  stationary,  primitive, 
and  incomplete. 

Nicander  of  Colophon  (204-138,  B.C.)  wrote  two  treatises,  the 
most  ancient  works  on  this  subject  extant,  the  one  describing 
the  effects  of  snake  venom ;  the  other,  the  properties  of  opium, 
henbane,  certain  fungi,  colchicum,  aconite,  and  conium.  He 
divided  poisons  into  those  which  kill  quickly,  and  those  which 
act  slowly.  As  antidotes,  those  medicines  are  recommended 
which  excite  vomiting — e.g.,  lukewarm  oil,  warm  water,  mallow, 
linseed  tea,  &c.  • 

_  Dioscorides  (40-90,  a.d.)  well  detailed  the  effects  of  cantha- 
rides,  sulphate  of  copper,  mercury,  lead,  and  arsenic.  By  arsenic 
he  would  appear  sometimes  to  mean  the  sulphides,  sometimes 
the  white  oxide.  Dioscorides  divided  poisons,  according  to 
their  origin,  into  three  classes,  viz. : — 

1.  Animal  Poisons. — Under  this  head  were  classed  cantharides, 
and  allied  beetles,  toads,  salamanders,  poisonous  snakes,  a  parti- 
cular variety  of  honey,  and  the  blood  of  the  ox,  probably  the 
latter  in  a  putrid  state.  He  also  speaks  of  the  ''sea-hare."  The 
sea-hare  was  considered  by  the  ancients  very  poisonous,  and 
Domitian  is  said  to  have  murdered  Titus  with  it.  It  is  supposed 
by  naturalists  to  have  been  one  of  the  genus  aplysia,  among  the 
gasteropods.  Both  Pliny  and  Dioscorides  depict  the  animal  as 
sometimes  very  formidable :  it  was  not  to  be  looked  at,  far  less 
touched  The  aplysiaj  exhale  a  very  nauseous  and  foetid  odour 
when  they  are  approached:  the  best  known  of  the  species 
resembles,  when  in  a  state  of  repose,  a  mass  of  unformed  flesh  : 
when  m  motion  it  is  like  a  common  slug;  its  colour  is  reddish- 
brown;  It  has  four  horns  on  its  head;  and  the  eyes,  which  are 
very  small,  are  situated  between  the  two  hinder  ones.  This 
aplysia  has  an  ink  reservoir,  like  the  sepia,  and  ejects  it  in  order 
to  escape  from  its  enemies ;  it  inhabits  the  muddy  bottom  of  the 
water,  and  lives  on  small  crabs,  mollusca,  &c. 
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2.  Poisons  from  Plants. — Dioscorides  enumerates  opium,  black 
and  white  hyoscyamus  (especially  recognising  the  activity  of  the 
seeds),  mandragora,  which  was  probably  a  mixture  of  various 
solanacese,  conium  (used  to  poison  the  condemned  by  the  people 
of  Athens  and  the  dwellers  of  ancient  Massilia),  elaterin,  and 
the  juices  of  a  species  of  euphorbia  and  apocynese.  He  also  makes 
a  special  mention  of  aconite,  the  name  of  which  is  derived  from 
Akon,  a  small  city  in  Heraclea.  The  Greeks  were  well  aware 
of  the  deadly  nature  of  aconite,  and  gave  to  it  a  mythical 
origin,  from  the  foam  of  the  dog  Cerberus.  Oolchicum  was  also 
known  to  Dioscorides ;  its  first  use  was  ascribed  to  Medea. 
Veratrum  album  and  nigrum  were  famous  medicines  of  the 
Romans,  and  a  constituent  of  their  "ra^  and  mice  powders;" 
they  were  also  used  as  insecticides.  According  to  Pliny,  the 
Gauls  dipped  their  arrows  in  a  preparation  of  veratrum.* 
Daphne  mezereon,  called  by  the  Romans  also  smilax  and  taxus, 
appears  to  have  been  used  by  Cativolcus,  the  king  of  the 
Eburones,  for  the  purpose  of  suicide,  or  possibly  by  "taxus" 
the  yew-tree  is  meant,  f 

The  poisonous  properties  of  certain  fungi  were  also  known. 
Nicander  calls  the  venomous  mushrooms  the  "  evil  fermentation 
of  the  earth,"  and  prescribes  the  identical  antidotes  which  we 
would  perhaps  give  at  the  present  time — viz.,  vinegar  and 
alkaline  carbonates. 

3.  Mineral  Poisons. — Arsenic  has  been  already  alluded  to.  The 
ancients  used  it  as  a  caustic  and  depilatory.  Copper  was  known 
as  sulphate  and  oxide ;  mercury  only  as  cinnabar :  lead  oxides 
were  used,  and  milk  and  olive-oil  prescribed  as  an  antidote  for 
their  poisonous  properties.  The  poison-lehre  for  many  ages 
was  considered  as  something  forbidden.  Galen,  in  his  treatise 
"  On  Antidotes,"  remarks  that  the  only  authors  who  dared  to 
treat  of  poisons  were  Orpheus,  Theologus,  Morus,  Mendesius  the 
younger,  Heliodorus  of  Athens,  Aratus,  and  a  few  others;  but 
none  of  these  treatises  have  come  down  to  us.  From  the  close 
similarity  of  the  amount  of  information  in  the  treatises  of 
Nicander,  Dioscorides,  Pliny,  Galen,  and  Paulus  uSJgineta,  it 
is  probable  that  all  were  derived  from  a  common  source. 

§  4.  If  we  turn  our  attention  to  early  Asiatic  history,  a  very 
cursory  glance  at  the  sacred  writings  of  the  East  will  prove  how 
soon  the  art  of  poisoning,  especially  in  India,  was  used  for  the 
purpose  of  suicide,  revenge,  or  robbery. 

The  ancient  practice  of  the  Hindoo  widow — self-immolation 
on  the  burning  pile  of  her  husband— is  ascribed  to  the  necessity 


*  Pliny,  XXV.  5, 


t  De  Bella  Oallico,  vi.  31. 
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which  the  Brahmins  were  under  of  putting  a  stop  to  the  crime  of 
domestic  poisoning.  Every  little  conjugal  quarrel  was  liable  to 
be  settled  by  this  form  of  secret  assassination,  but  such  a  law, 
as  might  be  expected,  checked  the  practice. 

Poison  was  not  used  to  remove  human  beings  alone,  tor  there 
has  been  from  time  immemorial  in  India  much  cattle-poisoning. 
In  the  institutes  of  Menu,  it  is  ordained  that  when  cattle  die, 
the  herdsman  shall  carry  to  his  master  their  ears,  their  hides, 
their  taUs,  the  skin  below  their  navels,  their  tendons,  and  the 
Hquor  oozing  from  their  foreheads.  Without  doubt  these  regu- 
lations were  directed  against  cattle-poisoners. 

The  poisons  known  to  the  Asiatics  were  arsenic,  aconite, 
opium,  and  various  solanaceous  plants.  There  has  been  a 
myth  floating  through  the  ages  that  a  poison  exists  which 
will  slay,  a  long  time  after  its  introduction.  All  modern 
authors  have  treated  the  matter  as  an  exaggerated  legend,  but 
for  my  own  part,  I  see  no  reason  why  it  should  not,  in  reality, 
be  founded  on  fact.  There  is  little  doubt  that  the  A.siatic 
poisoners  were  well  acquainted  with  the  infectious  qualities  of 
certain  fevers  and  malignant  diseases.  Now,  these  very  malignant 
diseases  answer  precisely  to  the  description  of  a  poison  which 
has  no  immediate  effects.  Plant  small-pox  in  the  body  of  a  man, 
and  for  a  whole  fortnight  he  walks  about,  well  and  hearty. 
Clothe  a  person  with  a  garment  soaked  in  typhus,  and  the  same 
thing  occurs — for  many  days  there  will  be  no  sign  of  failure. 
Again,  the  gipsies,  speaking  a  tongue  which  is  essentially  a 
deformed  prahrit,  and  therefore  Indian  in  origin,  have  long 
possessed  a  knowledge  of  the  properties  of  the  curious  "  mucor 
phycomyces."  This  was  considered  an  algae  by  Agaron,  but 
Mr.  Berkeley  refers  it  to  the  fungi.  The  gipsies  are  said  to 
have  administered  the  spores  of  this  fungi  in  warm  water.  In 
this  way  they  rapidly  attach  themselves  to  the  mucous  mem- 
brane of  the  throat,  all  the  symptoms  of  a  phthisis  follow,  and 
death  takes  place  in  from  two  to  three  weeks.  Mr.  Berkeley 
informs  me  that  he  has  seen  specimens  growing  on  broth  which 
had  been  rejected  from  the  stomach,  and  that  it  develops  in 
enormous  quantities  on  oil  casks  and  walls  impregnated  with 
grease.  The  filaments  are  long,  from  12  to  18  inches,  and  it  is 
capable  of  very  rapid  development. 

There  is  also  a  modern  poison,  which,  in  certain  doses,  dooms 
the  unfortunate  individual  to  a  terrible  malady,  simulating,  to  a 
considerable  extent,  natural  disease ;  that  is  phosphorus.  This 
poison  was,  however,  unknown  until  some  time  in  the  eleventh 
century,  when  Alchid  Becher,  blindly  experimenting  on  the 
distillation  of  urine  and  carbon,  obtained  his  "  escarhoucle"  and 
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passed  away  without  knowing  the '  importance  of  his  discovery 
which  like  SO  many  others,  had  to  be  rediscovered  at  a  later 
period. 

§  5.  The  Hebrews  were  acquainted  with  certain  poisons,  the 
exact  nature  of  which  is  not  quite  clear.  The  words  "roscA"  and 

chema  seem  to  be  used  occasionally  as  a  generic  term  for 
poison,  and  sometimes  to  mean  a  specific  thing;  "roscA,"  especially 
is  used  to  signify  some  poisonous  parasitic  plant.  They  knew 
yellow  arsenic  under  the  name  of  "mm,"  aconite  under  the 
name  of  "boschka,"  and  possibly  "son"  means  ergot.*  In  the 
later  period  of  their  history,  when  they  were  dispersed  throuo-h 
various  nations,  they  would  naturally  acquire  the  knowledge  *of 
those  nations,  without  losing  their  own. 

§  6.  The  part  that  poison  has  played  in  history  is  considerable. 
The  pharmaceutical  knowledge  of  the  ancients  is  more  graphically 
and  terribly  shown  in  the  deaths  of  Socrates,  Demosthenes, 
Hannibal,  and  Cleopatra,  than  in  the  pages  of  the  older  writers 
on  poisons. 

In  the  reign  of  Artaxerxes  II.  (Mnemon),  (b.  c.  405-359), 
Phrysa  poisoned  the  queen  Statira  by  cutting  food  with  a  knife 
poisoned  on  one  side  only.  Although  this  has  been  treated  as  an 
idle  tale,  yet  two  poisons,  aconite  and  arsenic,  were  at  least  well 
known ;  either  of  these  could  have  been  in  the  way  mentioned 
introduced  in  sufficient  quantity  into  food  to  destroy  Hfe. 

In  the  early  part  of  the  Christian  era,  professional  poisoners 
arose,  and  for  a  long  time  exercised  their  trade  with  impunity. 
Poisoning  was  so  much  in  use  as  a  political  engine  that  Agrippina 
(a.d.  26)  refused  to  eat  of  some  apples  ofiered  to  her  at  table 
by  her  father-in-law,  Tiberius. 

It  was  at  this  time  that  the  infamous  Locusta  flourished. 
She  is  said  to  have  supplied,  with  suitable  directions,  the  poison 
by  which  Agrippina  got  rid  of  Claudius ;  and  the  same  woman 
was  the  principal  agent  in  the  preparation  of  the  poison  that 
was  administered  to  Britannicus,  by  order  of  his  brother  Nero. 
The  details  of  this  interesting  case  have  been  recorded  with  some 
minuteness. 

It  was  the  custom  of  the  Romans  to  drink  hot  water,  a 
draught  nauseous  enough  to  us,  but,  from  fashion  or  habit, 
considered  by  them  a  luxury ;  and,  as  no  two  men's  tastes  are 
alike,  great  skill  was  shown  by  the  slaves  in  bringing  the 
water  to  exactly  that  degree  of  heat  which  their  respective 
masters  found  agreeable.! 


*  R.  J.  Wunderbar,  Bihlisch-talmudische  Medicin.  Leipzig,  1S50-60. 
f  Tacitus  :  lib.  xii.,  xiii.    Mentioned  also  by  Juvenal  and  Suetonius. 
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The  children  of  the  Imperial  house,  with  others  of  the  great 
Eoman  families,  sat  at  the  banquets  at  a  smaller  side  table,  while 
their  parents  reclined  at  the  larger.  A  slave  brings  hot  water 
to  Britannicus ;  it  is  too  hot ;  Britannicus  refuses  it.  The  slave 
adds  cold  water;  and  it  is  this  cold  water  that  is  supposed  to 
have  been  poisoned;  in  any  case,  Britannicus  had  no  sooner  drunk 
of  it  than  he  lost  voice  and  respiration.  Agrippina,  his  mother, 
was  struck  with  terror,  as  well  as  Octavia,  his  sister.  Nero,  the 
author  of  the  crime,  looks  coldly  on,  saying  that  such  fits  often 
happened  to  him  in  infancy  without  evil  result;  and  after  a 
few  moments'  silence,  the  banquet  goes  on  as  before.  If  this 
were  not  sudden  death  from  heart  or  brain  disease,  the  poison 
must  have  been  either  a  cyanide  or  prussic  acid. 

In  those  times  no  autopsy  was  possible  ;  although  the  Alexan- 
drian school,  some  300  years  before  Christ,  had  dissected  both 
the  living  and  the  dead,  the  work  of  Herophilus  and  Erasis- 
tratus  had  not  been  pursued,  and  the  great  Roman  and  Greek 
writers  knew  only  the  rudiments  of  human  anatomy,  while,  as 
to  pathological  changes  and  their  true  interpretation,  their  know- 
ledge may  be  said  to  have  been  absolutely  nil.  It  was  not,  indeed, 
until  the  fifteenth  century  that  the  popes,  silencing  ancient 
scruples,  authorised  dissections ;  and  it  was  not  until  the  sixteenth 
century  that  Vesalius,  the  first  worthy  of  being  considered  a 
great  anatomist,  arose.  In  default  of  pathological  knowledge, 
the  ancients  attached  great  importance  to  mere  outward  marks 
and  discolorations.  They  noted  with  special  attention  spots  and 
lividity,  and  supposed  that  poisons  singled  out  the  heart  for  some 
quite  peculiar  action,  altering  its  substance  in  such  a  manner  that  it 
resisted  the  action  of  the  funeral  pyre,  and  remained  unconsumed. 
It  may,  then,  fairly  be  presumed  that  many  people  must  have 
died  from  poison  without  suspicion,  and  still  more  from  the 
sudden  efi'ects  of  latent  disease,  ascribed  wrongfully  to  poison. 
For  example,  th6  death  of  Alexander  was  generally  at  that  time 
ascribed  to  poison ;  but  Littre  has  fairly  proved  that  the  great 
emperor,  debilitated  by  his  drinking  habits,  caught  a  malarious 
fever  in  the  marshes  around  Babylon,  and  died  after  eleven  days' 
illness.  If,  added  to  sudden  death,  the  body,  from  any  cause, 
entered  into  rapid  putrefaction,  such  signs  were  considered  by 
the  people  absolutely  conclusive  of  poisoning — this  belief,  indeed, 
prevailed  up  to  the  middle  of  the  seventeenth  century,  and  lingers 
still  among  the  uneducated  at  the  present  day.  Thus,  when 
Britannicus  died,  an  extraordinary  lividity  spread  over  the  face  of 
the  corpse,  which  they  attempted  to  conceal  by  painting  the  face. 
When  Pope  Alexander  VI.  died,  probably  enough  from  poison, 
his  body  (according  to  Guicciardini)  became  a  frightful  spectacle 
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miedThl  "^f  ^'^'T'^ S^'S^^  entirely 

"ibTl^^^^^^^^^^  P^^^^^        - 'the  steni 

_  All  these  effects  of  decomposition,  we  know,  are  ant  tn 
m  coarse,  obese  _  bodies,  and  accomp'any  both  naturaf  and  un 
natural  deaths ;  indeed,  if  we  look  strictly  at  the  matter,  puttL. 
on  one  side  the  preservative  effects  of  certain  metallic  p;isons  >t 
may  be  laid  down  that  generally  the  corpses  of  those  dyinl  fr^m 
poison  are  Zess  apt  to  decompose  rapidly  than  those  dyin|  from 
disease-this  for  the  simple  reason  that  a  majority  of  dIseasS 
cause  changes  m  the  fluids  and  tissues,  which  render  putrefactive 
changes  more  active  while,  as  a  rule,  those  who  take  poison  are 
suddenly  killed,  with  their  fluids  and  tissues  fairly  healthy 
T  r  1?  the  Duke  of  Burgundy  desired  to  raise  a  report  that 
John,  Dauphin  of  France,  was  poisoned  (1457),  he  described  the 
imaginary  event  as  follows  :— 

One  evening  our  most  redoubtable  lord  and  nephew  fell  so 
grievously  sick  that  he  died  forthwith.  His  lips,  tongue,  and 
face  were  swollen ;  his  eyes  started  out  of  his  head.  It  was  a 
horrible  sight  to  see— for  so  look  people  that  are  poisoned." 

The  favourite  powder  of  the  professional  poisoner,  arsenic,  was 
known  to  crowned  heads  in  the  fourteenth  century;  and  there  has 
come  down  to  us  a  curious  document,  drawn  out  by  Charles  le 
Mauvais,  King  of  Navarre.  It  is  a  commission  of  murder,  given 
to  a  certain  Woudreton,  to  poison  Charles  VI.,  the  Duke  of  Valois, 
brother  of  the  king,  and  his  uncles,  the  Dukes  of  Berry,  Burgundy' 
and  Bourbon  : —  &      j ' 

"  Go  thou  to  Paris  ;  thou  canst  do  great  service  if  thou  wilt  : 
do  what  I  tell  thee ;  I  will  reward  thee  well.  Thou  shalt  do 
thus:  There  is  a  thing  which  is  called  sublimed  arsenic;  if  a 
man  eat  a  bit  the  size  of  a  pea,  he  will  never  survive.  Thou 
wilt  find  it  in  Pampeluna,  Bordeaux,  Bayonne,  and  in  all  the 
good  towns,  through  which  thou  wilt  pass,  at  the  apothecaries' 
shops.  Take  it,  and  powder  it ;  and  when  thou  shalt  be  in  the 
house  of  the  king,  of  the  Count  de  Valois,  his  brother,  the  Dukes 
of  Berry,  Burgundy,  and  Bourbon,  draw  near,  and  betake  thyself 
to  the  kitchen,  to  the  larder,  to  the  cellar,  or  any  other  place  where 
thy  point  can  be  best  gained,  and  put  the  powder  in  the  soups, 
meats,  or  wines,  provided  that  thou  canst  do  it  secretly.  Other- 
wise, do  it  not."  Woudreton  was  detected,  and  executed  in 
1384.* 

A  chapter  might  be  written,  entitled  "royal  poisoners."  King 
Charles  IX.  even  figures  as  an  experimentalist,  f  An  unfortunate 

•*  Trdsor  de  Charles.   Charles  de  Navarre.    P.  Morton val,  vol.  ii.,  p.  3S4. 
+  CEuwes  de  Par6,  2nd  ed.,  liv.  xx.    Des  Vermes,  chap,  xliv.,  p.  507. 
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cook  has  stolen  two  silver  spoons,  and,  since  there  was  a  question 
whether  "  Bezoar  "  was  an  antidote  or  not,  the  king  administers, 
to  the  cook  a  lethal  dose  of  corrosive  sublimate,  and  follows  it 
up  with  the  antidote ;  but  the  man  dies  in  seven  hours,  although 
Pare  also  gives  him  oil.    Truly,  a  grim  business  ! 

The  subtle  method  of  removing  troublesome  subjects  has  been 
more  often  practised  on  the  Continent  than  in  England,  yet  the 
En^^lish  throne  in  olden  time  is  not  quite  free  from  this  stain.* 
The  use  of  poison  is  wholly  opposed  to  the  Anglo-Saxon  method 
of  thought.  To  what  anger  the  people  were  wrought  on  detect- 
ing poisoners,  is  seen  in  the  fact  that,  in  1542,  a  young  woman 
was  boiled  alive  in  Smithfield  for  poisoning  three  households.! 

§  7.  Two  great  criminal  schools  arose  from  the  fifteenth  to  the 
seventeenth  centuries  in  Venice  and  Italy.  '  The  Venetian 
poisoners  are  of  earlier  date  than  the  Italian,  and  flourished 
chiefly  in  the  fifteenth  century.  Here  we  have  the  strange  spec- 
tacle, not  of  the  depravity  of  individuals,  but  of  the  government 
of  the  state  formally  recognising  secret  assassination  by  poison, 
and  proposals  to  remove  this  or  that  prince,  duke,  or  emperor, 
as  a  routine  part  of  their  deliberations.  Still  more  curious  and 
unique,  the  dark  communings  of  "  the  council  of  ten "  were 

*  For  example,  King  John  is  believed  to  have  poisoned  Maud  Fitzwalter 
hy  "a  poisoned  egg." 

"In  the  reign  of  King  John,  the  White  Tower  received  one  of  the  first 
and  fairest  of  a  long  line  of  female  victims  in  that  Maud  Fitzwalter  who  was 
known  to  the  singers  of  her  time  as  Maud  the  Fair.  The  father  of  this 
heautiful  girl  was  Robert,  Lord  Fitzwalter,  of  Castle  Baynard,  on  the  Thames, 
one  of  John's  greatest  barons.  Yet  the  king,  during  a  tit  of  violence  with, 
the  queen,  fell  madly  in  love  with  this  young  girl.  As  neither  the  lady  her- 
self nor  her  powerful  sire  would  listen  to  his  disgraceful  suit,  the  king  is 
said  to  have  seized  her  by  force  at  Dunmow,  and  brought  her  to  the  Tower. 
•  Fitzwalter  raised  an  outcry,  on  which  the  king  sent  troops  into  Castle 
Baynard  and  his  other  houses  ;  and  when  the  baron  protested  against  these 
wrongs,  his  master  banished  him  from  the  realm.  Fitzwalter  fled  to  France 
with  his  wife  and  his  other  children,  leaving  his  daughter  Maud  in  the 
Tower,  where  she  suffered  a  daily  insult  in  the  king's  unlawful  suit.  On 
her  proud  and  scornful  answer  to  his  passion  being  heard,  John  carried  her 
up  to  the  roof,  and  locked  her  in  the  round  turret,  standing  on  the  north- 
east angle  of  the  keep.  Maud's  cage  was  the  highest,  chilliest  den  in  the 
Tower ;  but  neither  cold,  nor  solitude,  nor  hunger  could  break  her  strength. 
In  the  rage  of  his  disappointed  love,  the  king  sent  one  of  his  minions  to  her 
room  with  a  poisoned  egg,  of  which  the  brave  girl  ate  and  died." — "Her 
Majesty's  Tower."  By  Hepworth  Dixon.    Lond.  1869  ;  i.,  p.  46. 

t  "This  yeare,  the  17th  of  March,  was  boy  led  in  Smithtield  one  Margaret 
Davie,  a  mayden,  which  had  pouysoned  3  householdes  that  she  dwelled 
in.  One  being  her  mistress,  which  dyed  of  the  same,  and  one  Darington  and 
his  wyfe,  which  she  also  dwelled  with  in  Coleman  Street,  which  dyed  of  the 
same,  and  also  one  Tinleys,  which  dyed  also  of  the  same."— Wriotherlev's 
"Chronicle,"  A. D.  1542.  ^ 
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■recorded  in  writing,  and  the  number  of  those  who  voted  for 
and  who  voted  agamst  the  proposed  crime,  the  reason  for  the 
assassination,  and  the  sum  to  be  paid,  still  exist  in  shameless 
black  and  white.    Those  who  desire  to  study  this  branch  of 
secret  history  may  be  referred  to  a  small  work  by  Carl  Hoff 
which  gives  a  brief  account  of  what  is  known  of  the  proceedings 
ot  the  council.    One  example  will  here  suffice.    On  the  15th  of 
December,  1513,  a  Franciscan  brother,  John  of  Ragubo,  offered 
a  selection  of  poisons,  and  declared  himself  ready  to  remove 
any  objectionable  person  out  of  the  way.     For  the  first  suc- 
cessful case  he  required  a  pension  of  1500  ducats  yearly,  which 
was  to  be  increased  on  the  execution  of  future  services.  The 
presidents,  Girolando  Duoda  and  Pietro  Guiarini,  placed  the 
matter  before  the  "ten"  on  the  4th  of  January,  1514,  and  on 
a  division  (10  against  5)  it  was  resolved  to  accept  so  patriotic 
an  offer,  and  to  experiment  first  on  the  Emperor  Maximilian, 
The  bond  laid  before  the  "  ten  "  contained  a  regular  tariff— for 
the  great_  Sultan  500  ducats,  for  the  King  of  Spain  150  ducats, 
but  the  journey  and  other  expenses  were  in  each  case  to  be 
defrayed  ;  the  Duke  of  Milan  was  rated  at  60,  the  Marquis  of 
Mantua  at  50,  the  pope  could  be  removed  at  100  ducats.  The 
curious  offer  thus  concludes  :  "  The  farther  the  journey,  the  more 
eminent  the  man,  the  more  it  is  necessary  to  reward  the  toil 
and  hardships  undertaken,  and  the  heavier  must  be  the  pay- 
ment."   The  council  appear  to  have  quietly  arranged  thus  to 
take  away  the  lives  of  many  public  men,  but  their  efforts  were 
only  in  a  few  cases  successful.    When  the  deed  was  done,  it 
was  registered  by  a  single  marginal  note,  "factum." 

What  drugs  the  Venetian  poisoners  used  is  uncertain.  The 
Italians  became  notorious  in  the  sixteenth  and  seventeenth  cen- 
turies for  their  knowledge  of  poisons,  partly  from  the  deeds  of 
Toffana  and  others,  and  partly  from  the  works  of  J.  Baptista 
Porta,  who  wrote  a  very  comprehensive  treatise  under  the  title 
of  "  IS'atural  Magic,"*  and  managed  to  slide  into  the  text,  in 
the  sections  on  cooking  {De  Re  Coquinaria,  lib,  xiv.)  a  mass  of 
knowledge  as  to  the  preparation  of  poisons.  There  are  prescrip- 
tions that  little  accord  with  the  title,  unless,  indeed,  the  trades 
of  cook  and  poisoner  were  the  same.  He  gives  a  method  of 
drugging  wine  with  belladonna  root,  for  the  purpose  of  making 
the  loaded  guest  loathe  drink;  he  also  gives  a  list  of  solanaceous 
plants,  and  makes  special  mention  of  nux  vomica,  aconite, 
veratrum,  and  mezereon.  Again,  in  the  section  (Be  Anciopio, 
lib.  XV.)  he  gives  a  recipe  for  a  very  strong  poison,  which  he 

*  J.  Bapt.  Porta,  born  1537,  died  1615.    Neapolitani  Magiae  Naturalis. 
NeapoU,  1589. 
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calls  "  venerium  lupinum ; "  it  is  to  be  made  of  the  powdered 
leaves  of  Aconitum  lycoctonum,  Taxus  baccata,  powdered  glass, 
caustic  lime,  sulphide  of  arsenic,  and  bitter  almonds,  the  whole 
to  be  mixed  with  honey,  and  made  into  pills  the  size  of  a 
hazel  nut. 

In  the  section  De  Medicis  Experimentis,  he  gives  a  process  to 
poison  a  sleeping  person;  the  recipe  is  curious,  and  would 
certainly  not  have  the  intended  effect.  A  mixture  of  hemlock 
juice,  bruised  datura,  stramonium,  belladonna,  and  opium  is 

'  placed  in  a  leaden  box  with  a  perfectly  fitting  cover,  and  fer- 
mented for  several  days ;  it  is  then  opened  under  the  nose  of  the 
sleeper.  Possibly,  Porta  had  experimented  on  small  animals, 
and  had  found  that  such  matters,  when  fermented,  exhaled 
enough  carbonic  acid  gas  to  kill  them,  and  imagined,  therefore, 
that  the  same  thing  would  happen  if  applied  to  the  human 
subject.    However  this  may  be,  the  account  which  Porta  gives 

I  of  the  effects  of  the  solanaceous  plants,  and  the  general  tone  of 
the  work,  amply  prove  that  he  was  no  theorist,  but  had  studied 
practically  the  actions  of  poisons. 

The  iniquitous  Toffana  (or  Tophana)  made  solutions  of  ar- 
senious  acid  of  varying  strength,  and  sold  these  solutions  in 
phials  under  the  name  of  "  Acquetta  di  Napoli  "  for  many  years. 

i  She  is  supposed  to  have  poisoned  more  than  600  persons,  among 
whom  were  two  popes — viz.,  Pius  III.  and  Clement  XI Y.  The 
composition  of  the  Naples  water  was  long  a  profound  secret, 
but  is  said  to  have  been  known  by  the  reigning  pope  and  by 
the  Emperor  Charles  YI.  The  latter  told  the  secret  to  Dr. 
Garelli,  his  physician,  who,  again,  imparted  the  knowledge  to 
the  famous  Friedrich  Hoffman  in  a  letter  still  extant.  Toffana 
was  brought  to  justice  in  .1709,  but,  availing  herself  of  the 
immunity  afforded  by  convents,  escaped  punishment,  and  con- 
tinued to  sell  her  wares  for  twenty  years  afterwards.  When 
Kepfer  *  was  in  Italy  he  found  her  in  a  prison  at  Naples,  and 
many  people  visited  her  as  a  sort  of  lion  (1730).  With  the 
Acqtta  Toffana,  the  "Acquetta  di  Ferugia  "  Tplsijed  at  the  same 
time  its  part.  It  is  said  to  have  been  prepared  by  killing  a 
hog,  disjointing  the  same,  strewing  the  pieces  with  white  arsenic, 
which  was  well  rubbed  in,  and  then  collecting  the  juice  which 
dropped  from  the  meat;  this  juice  was  considered  far  more 
poisonous  than  an  ordinary  solution  of  arsenic.  The  recent 
researches  of  Selmi  on  compounds  containing  arsenic,  produced 
when  animal  bodies  decompose  in  arsenical  fluids,  lend  reason 
and  support  to  this  view ;  and  probably  the  juice  would  not  only 


*  Kepfer's  "  Travels."    Lond.  1758. 
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be  very  poisonous,  but  act  in  a  different  manner,  and  exhibit 
symptoms  different  from  those  of  ordinary  arsenical  poisoning. 
Toffana  had  disciples ;  she  taught  the  art  to  Hieronyma  Spara, 
who  formed  an  association  of  young  married  women  during  the 
popedom  of  Alexander  VII. ;  these  were  detected  on  their  own^ 
confession.* 

Contemporaneously  with  Toffana,  another  Italian,  Keli,  de- 
voted himself  to  similar  crimes.  This  man  had  expended  much 
as  an  adept,  searching  for  the  philosopher's  stone,  and  sought  to 
indemnify  himself  by  entering  upon  what  must  have  been  a 
profitable  business.  He  it  was  who  instructed  M.  de  St.  Croix 
in  the  properties  of  arsenic,  and  St.  Croix,  in  his  turn,  imparted 
the  secret  to  his  paramour,  Madame  de  Brinvilliers.  This 
woman  appears  to  have  been  as  cold-blooded  as  Toffana ;  she  is 
said  to  have  experimented  on  the  patients  at  the  H6tel  Dieu, 
in  order  to  ascertain  the  strength  of  her  powders,  and  to  have 
invented  "  les  poudres  de  succession."  She  poisoned  her  father, 
brothers,  sister,  and  others  of  her  family ;  but  a  terrible  fate 
overtook  both  her  and  St.  Croix.  The  latter  was  suffocated  by 
some  poisonous  matters  he  was  preparing,  and  Madame  de 
Brinvilliers'  practices  having  become  known,  she  was  obliged  to 
take  refuge  in  a  convent.  Here  she  was  courted  by  a  police 
officer  disguised  as  an  abbe,  lured  out  of  the  convent,  and,  ia 
this  way  brought  to  justice,  was  beheaded  and  burnt  near 
Notre  Dame,  in  the  middle  of  the  reign  of  Louis  XlV.f 

The  numerous  attempts  of  the  Italian  and  Venetian  poisoners 
on  the  lives  of  monarchs  and  eminent  persons,  cast  for  a  long 
time  a  cloud  over  regal  domestic  peace.  Bullets  and  daggers 
were  not  feared,  but  in  their  place  the  dish  of  meat,  the  savoury 
pasty,  and  the  red  wine  were  regarded  as  possible  carriers  of 
death.  No  better  example  of  this  dread  can  be  found  than,  at 
so  late  a  period  as  the  reign  of  Henry  VIII.  J  the  extraordinary 
precautions  thought  necessary  for  preserving  the  infant  Prince  of 
Wales.  - 

*  Le  Bret's  Magazin  zu  Gebrauche  der  Staat-u.  Kirchm-Gescliichte,  Theil  4. 
Erankfort  and  Leipzig,  1774. 

t  For  the  court  of  poisoners  (chamhre  ardente)  and  the  histories  of  St. 
Croix,  De  Brinvilliers,  the  priest  Le  Sage,  the  women  La  Voisiu  and  La 
Vigoureux,  the  reader  may  be  referred  to  Voltaire's  Siecle  de  Louis  XIV., 
Madame  de  S6vign(5's  Lettres,  Martinifere's  Hist,  de  la  Regne  de  Louis 
XIV.,  Strutzel,  De  Venenis,  &c. 

t  Henry  VIII.,  at  one  time  of  his  life,  was  (or  pretended  to  be)  appre- 
hensive of  being  poisoned  ;  it  was,  indeed,  a  common  belief  of  his  court  that 
Anne  Boleyn  attempted  to  dose  him.  "The  king,  in  an  interview  with 
young  Prince  Henry,  burst  into  tears,  saying  that  he  and  his  sister  (mean- 
ing the  Princess  Mary)  might  thank  God  for  haviug  escaped  from  the 
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"  No  person  of  whatsoever  rank,  except  the  regular  attendants 
in  the  nursery,  should  approach  the  cradle,  except  with  an 
order  from  the  king's  hand.  The  food  supplied  to  the  child  was 
to  be  largely  '  assayed,'  his  clothes  were  to  be  washed  by  his  own 
-servants,  and  no  other  hand  might  touch  them.  The  material 
was  to  be  submitted  to  all  tests.  The  chamberlain  and  vice- 
chamberlain  must  be  present,  morning  and  evening,  when  the 
prince  was  washed  and  dressed,  and  nothing  of  any  kind,  bought 
for  the  use  of  the  nursery,  might  be  introduced  until  it  was 
washed  and  perfumed.  No  person,  not  even  the  domestics  of 
the  palace,  might  have  access  to  the  prince's  rooms,  except 
those  who  were  specially  appointed  to  them,  nor  might  any 
member  of  the  household  approach  London,  for  fear  of  their 
catching  and  conveying  infection."* 

However  brief  and  imperfect  the  foregoing  historical  sketch 
of  the  part  that  poison  has  played  may  be,  it  is  useful  in  showing 
the  absolute  necessity  of  a  toxicological  science — a  science 
embracing  many  branches  of  knowledge.  If  it  is  impossible 
for  Toffanas,  Locustas,  and  other  specimens  of  a  depraved 
humanity,  to  carry  on  now  their  crimes  without  detection; 
if  poison  is  the  very  last  form  of  death  feared  by  eminent 
political  persons:  it  is  not  so  much  owing  to  a  different  state 
of  society,  as  to  the  more  exact  scientific  knowledge  which  is 
applied  during  life  to  the  discrimination  of  symptoms,  dis- 
tinguishing between  those  resulting  from  disease  and  those 
due  to  injurious  substances,  and  after  death  to  a  highly- 
developed  pathology,  which  has  learned,  by  multiplied  observa- 
tions, all  the  normal  and  abnormal  signs  in  tissues  and  organs  ; 
and,  finally,  to  an  ever-advancing  chemistry,  which  is  able  in 
many  instances  to  separate  and  detect  the  hurtful  and  noxious 
thing,  although  hid  for  months  deep  in  the  ground. 


II.— GEOWTH  AND  DEVELOPMENT  OF  THE 
MODERN  METHODS  OF  CHEMICALLY  DETECT- 
ING POISONS. 

§  8.  The  history  of  the  detection  of  poisons  has  gone  through 
several  phases.    The  first  phase  has  already  been  incidentally 

hands  of  that  accursed  and  venomoiis  harlot,  who  had  intended  to  poison 
them.  —"A  Chronicle  of  England  during  the  Reign  of  the  Tudors."  By 
W.  J.  Hamilton.    Introduction,  p.  xxi. 
*  Froude's  "History  of  England,"  vol.  iii.,  p.  262 
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touched  upon— i.e.,  detection  by  antecedent  and  surrounding^ 
circumstances,  aided  sometimes  by  experiments  on  animals  If 
the  death  was  sudden,  if  the  post-mortem  decomposition  was 
rapid,  poison  was  indicated— sometimes  a  portion  of  the  food 
last  eaten,  or  the  suspected  thing,  would  be  given  to  an  animal ; 
It  the  animal  also  died,  such  accumulation  of  proof  would  render 
the  matter  beyond  doubt.  The  modern  toxicologists  are  more 
sceptical,  for  even  the  last  test  is  not  of  itself  satisfactory.  It 
is  now  known  that  meat  may  become  filled  with  bacilli,  and 
produce  rapid  death,  and  yet  no  poison  as  such  has  been  added.* 
In  the  next  phase,  the  doctors  were  permitted  to  dissect,  and 
to  familiarise  themselves  with  pathological  appearances.  This 
was  a  great  step  gained ;  the  apoplexies,  heart  diseases,  perfora- 
tions of  the  stomach,  and  fatal  internal  haemorrhages  could  no 
longer  be  ascribed  to  poison.  If  popular  clamour  made  a  false 
accusation,  there  was  more  chance  of  a  correct  judgment.  It 
was  not  until  the  end  of  the  eighteenth  and  the  beginning  of 
the  present  century,  however,  that  chemistry  was  far  enough 
advanced  to  test  for  the  more  common  mineral  poisons;  the 
modern  phase  was  then  entered  on,  and  toxicology  took  a  new 
departure. 

§  9.  From  the  treatise  of  Barthelemy  d'Anglais  f  in  the 
thirteenth  century  (in  which  he  noticed  the  poisonous  pro- 
perties of  quicksilver  vapour),  up  to  the  end  of  the  fifteenth 
century,  there  are  numerous  treatises  upon  poison,  most  of 
which  are  mere  learned  compilations,  and  scarcely  repay  perusal. 

In  the  sixteenth  century,  there  are  a  few  works,  such,  for 
example,  as  that  of  Porta,  which  partook  of  the  general  advance- 
ment of  science,  and  left  behind  the  stereotyped  doctrine  of  the 
old  classical  schools.  J 

In  the  seventeenth  century,  the  Honourable  Robert  Boyle 
made  some  shrewd  observations,  bearing  on  toxicology,  in  his 
work  on  "  The  Usefulness  of  Natural  Philosophy,"  &c. ;  Oxford, 
1664.  Nicolas  L'Emery  also  wrote  a  Gours  de  C/mnie, — quite  an 
epitome  of  the  chemical  science  of  the  time.§ 

In  the  eighteenth  century,  still  farther  advances  were  made. 
Richard  Mead  published  his  ingenious  "  Mechanical  Theory  of 

*  "Appendix  to  the  Medical  Officers'  Report  to  the  Local  Government 
Board  for  1880." 

t  De  Rerum  Froprietaribus. 

X  In  the  sixteenth  century,  it  was  not  considered  proper  to  -write  upon 
poisons.  Jerome  Cardan  declared  a  poisoner  worse  than  a  brigand,  "and  that 
is  why  I  have  refused  not  only  to  teach  or  experiment  on  such  things,  but 
even  to  know  them. " — /.  Cardan  :  De  Subtilitate.    Basel,  1558. 

§  Cours  de  Chimie,  contenant  la  maniere  de  /aire  les  opdrations  qui  sont  en 
usage  dans  la  Medecine.    Paris,  1675. 
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Poisons."  Great  chemists  arose — Stahl,  Marggraf,  Brandt, 
Bergmann,  Scheele,  BerthoUet,  Priestley,  and  lastly,  Lavoisier — '■ 
and  chemistry,  as  a  science,  was  born.  Of  the  chemists  quoted, 
Scheele,  in  relation  to  toxicology,  stands  chief.  It  was  Scheele 
who  discovered  prussic  acid,*  without,  however,  noting  its 
poisonous  properties;  and  the  same  chemist  separated  oxalic 
acid  from  sorrel,  f  made  the  important  discovery  that  arsenic 
united  with  hydrogen,  forming  a  foetid  gas,  and,  moreover,  that 
this  gas  could  be  decomposed  by  heat.f  From  this  observation, 
a  delicate  test  for  arsenic  was  afterwards  elaborated,  which,  for 
the  first  time,  rendered  the  most  tasteless  and  easily  administered 
poison  in  the  whole  world  at  once  the  easiest  of  detection.  The 
further  history  of  what  is  now  called  "  Marsh's  Test "  is  as 
follows : — 

§  10.  Proust  §  observed  that  a  very  foetid  hydrogen  gas  was 
disengaged  when  arsenical  tin  was  dissolved  in  hydrochloric 
acid,  and  that  arsenic  was  deposited  from  the  inflamed  gas  on 
cold  surfaces,  which  the  flame  touched.  Trommsdorfi"  next 
announced,  in  1803,  that  when  arsenical  zinc  was  inti-oduced 
into  an  ordinary  flask  with  water  and  sulphuric  acid,  an  arseni- 
cal hydrogen  was  disengaged,  and  if  the  tube  was  sufficiently 
long,  arsenic  was  deposited  on  its  walls.  ||  Stromeyer,  Gay- 
Lussac,  Thenard,  Gehlen,  and  Davy,  later  studied  this  gas,  and 
Serullas,  in  1821,  proposed  this  reaction  as  a  toxicological  test. 
Lastly,  in  1836,  Marsh  published  his  "Memoir."^  He  elaborated 
a  special  apparatus  of  great  simplicity,  developed  hydrogen  by 
nieans  of  zinc  and  sulphuric  acid,  inflamed  the  issuing  gas,  and 
obtained  any  arsenic  present  as  a  metal,  which  could  be  after- 
wards converted  into  arsenious  acid,  &c. 

This  brief  history  of  the  so-called  "Marsh's  Test"  amply 
shows  that  Marsh  was  not  the  discoverer  of  the  test.  Like 
many  other_  useful  processes,  it  seems  to  have  been  evolved  by 
a  combination  of  many  minds.  It  may,  however,  be  truly 
said  that  Marsh  was  the  first  who  perfected  the  test,  and 
brought  it  prominently  forward. 

*  Opuscula  Chemica,  vol.  ii.,  pp.  148-174 

ALninr^'n^^^J'T^nf  ^cetosdlc^.   Nova  Acta  Acad.  Veg.  Sued. 

jiTmiljb'i.    Opuscida  Chemica,  Yol.  a, -pr,.  187-195 

Bergmann  tirst  described  oxalic  acid  as  obtained  by  the  oxidation  of 
tXdTLS"'        '^^^^'^  identity  ^iJhthrac1S°couf 

t  M6moires  de  Scheele,  t.  i.,  1775. 

§  Proust,  Annales  de  Chimie,  t.  xxviii  1798 

II  Nicholson's  "Journal,"  vol.  vi.  ' 
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§  11.  Matthieu  Joseph  Bonaventura  Orfila  must  be  con- 
sidered the  father  of  modern,  toxicology.  His  great  work,  Traite 
de  Toxicologie,  was  first  published  in  1814,  and  went  through 
many  editions.  Orfila's  chief  merit  was  the  discovery  that 
poisons  were  absorbed  and  accumulated  in  certain  tissues — a 
discovery  which  bore  immediate  fruit,  and  greatly  extended 
the  means  of  seeking  poisons.  Before  the  time  of  Orfila,  a 
chemist  not  finding  anything  in  the  stomach  would  not  have 
troubled  to  examine  the  liver,  the  kidney,  the  brain,  or  the 
blood.  The  immense  number  of  experiments  which  Orfila 
undertook  is  simply  marvellous.'-  Some  are  of  little  value, 
and  teagh.  nothing  accurately  as  to  the  action  of  poisons — as, 
for  exaiuple,  many  of  those  in  which  he  tied  the  gullet  in 
order  to  prevent  vomiting,  for  such  are  experiments  under 
entirely  unnatural  conditions ;  but  there  are  still  a  large  number 
which  foi'm  the  very  basis  of  our  pathological  knowledge. 

Orfila's  method  of  experiment  was  usually  to  take  weighed 
or  measured  quantities  of  poison,  to  administer  them  to  animals, 
and  then  after  death — first  carefully  noting  the  changes  in  the 
tissues  and  organs — to  attempt  to  recover  by  chemical  means  the 
poison  administered.  In  this  way  he  detected  and  recovered 
nearly  all  the  organic  and  inorganic  poisons  then  known,  and 
most  of  his  processes  are,  with  modifications  and  improvements, 
in  use  at  the  present  time.* 

§  12.  The  discovery  of  the  alkaloids  at  the  commencement  of 
this  century  certainly  gave  the  poisoner  new  weapons ;  yet  the 
same  processes  (slightly  modified)  which  separated  the  alkaloids 
from  plants  also  served  to  separate  them  from  the  human  body. 
In  1803,  Derosne  discovered  narcotine  and  morphine,  but  he 
neither  recognised  the  diff"erence  between  these  two  substances, 
nor  their  basic  properties.  Sertiirner  from  1805  devoted  him- 
self to  the  study  of  opium,  and  made  a  series  of  discoveries. 
*  Hobiquet,  in  1807,  recognised  the  basic  characters  of  narcotine. 
In  1818,  Pelletier  and  Oaventou  separated  strychnine;  in  1819 
brucine  ;  and  in  the  same  year  delphinine  was  discovered  simul- 
taneously by  Brande,  Lassaigne,  and  Feneuille.  Coniine  was 
recognised  by  Giesecke  in  1827,  and  in  the  following  year,  1828, 
nicotine  was  separated  by  Reimann  and  Posselt.     In  1832, 

*  Orfila's  chief  works  are  as  follows  : — 

Traite  de  Toxicologie.    2  vols.  Svo.    Paris,  1814. 

Le(^ons  de  Chimie,  appliquees  a  la  M6d.  Pratique.  _  16mo.    Brussels,  1836. 
Mdmoire  sur  la  Nicotine  et  la  Conicine.    Paris,  1851. 
LegoJis  de  la  Mid.  Legale.    Svo.    Paris,  1821. 

Trait6  des  Exhumations  Juridiques,  et  Considdrations  sur  les  Cliangemens 
Physiqioes  que  les  Cadavres  6prouvent  en  se  poiarissant.  2  torn.    Paris,  1831. 
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Eobiquet  discovered  codeine ;  and  in  1833,  atropine,  aconitine, 
and  hyoscyamine  were  distinguished  by  Geiger  and  Hesse. 
Since  then,  every  year  has  been  marked  by  the  separation 
of  some  new  alkaloid,  from  either  animal  or  vegetable  substances. 
So  many  workers  in  different  countries  now  began  to  study  and 
improve  toxicology,  that  it  would  exceed  the  limits,  and  be 
foreign  to  the  scope  of  this  treatise,  to  give  even  a  brief  resume 
of  their  labours.  It  may,  notwithstanding,  be  useful  to  append 
a  short  bibliography  of  the  chief  works  on  toxicology  of  the 
present  century.  ^  rf         ^1 U 
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PART  II, 


I,  DEFINITION  OF  POISON. 

§  14.  The  term  "Poison"  may  be  considered  first  in  its  legal, 
as  distinct  from  its  scientific,  aspect. 

The  legal  definition  of  "  poison "  is  to  be  gathered  from  the 
various  statute-books  of  civilised  nations. 

The  English  law  enacts  that :  "Whoever  shall  administer,  or 
cause  to  be  administered  to,  or  taken  by  any  person,  any  poison 
or  other  destructive  thing,  with  intent  to  commit  murder,  shall 
be  guilty  of  felony." 

Further,  by  the  Criminal  Consolidation  Act,  1861  :  "Whoso- 
ever shall,  by  any  other  means  other  than  those  specified  m  any 
of  the  preceding  sections  of  this  Act,  attempt  to  commit  murder, 
shall  be  guilty  of  felony."  _ 

It  is  therefore  evident  that,  by  implication,  the  English  law 
defines  a  poison  to  be  a  destructive  thing  administered  to,  or 
taken  by,  a  person,  and  it  must  necessarily  include,  not  only 
poisons  which  act  on  account  of  their  inherent  chemical  and 
other  properties  after  absorption  into  the  blood,  but  mechanical 
irritants,  and  also  specifically-tainted  fluids  Should,  for  example, 
a  person  give  to  another  milk,  or  other  fluid,  knowing,  at  the 
same  time?  that  such  fluid  is  contaminated  by  the  specific  poison 
of  scarlet  fever,  typhoid,  or  any  serious  malady  capable  of  being 
?hus  conveyed,  I  believe  that  such  an  oifence  could  be  brought 
under  the  fir^  of  the  sections  quoted.  In  fine,  the  words  "  de- 
"  are  widely  applicable  and  may  be  ejten^;^^  % 
any  substance,  gaseous,  liquid,  or  solid,  living  or  dead,  whic^^ 
capable  at  all  of  being  taken  withm  the  body  may  injme  oi 
destrov  life.  According  to  this  view,  the  legal  idea  ot  poison 
woukl  include  such  matters  as  boiling  water,  molten  lead,  specifi- 
Ta  lyif"cted  fluids,  the  flesh  of  animals  ^J^^"^  ^l^^l'l^^t 
may  be  communicable  to  man,  powdered  glass  diamond  dust,  &c. 

Evidence  must,  however,  be  given  «f  g^^^^y/J^'^,*^^,^  obviously 
The  words,  "administered  to  or  taken  by,   imply  o'^^^ous  y 
that  the  fram'ers  of  the  older  statute  considered  the  mouth  a^^^^^^^^ 
only  portal  of  entrance  for  criminal  poisoning,  but  the  present 
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law  eflfectually  guards  against  any  attempt  to  commit  murder,  no 
matter  by  what  means.  There  is  thus  ample  provision  for  all 
the  stranc^e  ways  by  which  poison  has  been  introduced  into  the 
system,  whether  it  be  by  the  ear,  nose,  brain,  rectum,  vagina,  or 
any  other  conceivable  way,  so  that  (to  borrow  the  words  of 
Mr  Greaves,  "  Notes  on  Criminal  Law  Consolidation  )  the 
malicious  may  rest  satisfied  that  every  attempt  to  murder  which 
their  perverted  ingenuity  may  devise,  or  their  fiendish  malignity 
suggest,  will  fall  within  some  clause  of  this  Act,  and  may  be 
visited  with  penal  servitude  for  life." 

Since  poison  is  often  exhibited,  not  for  the  purpose  of  taking 
life,  but  from  various  motives,  and  to  accomplish  various  ends— 
as,  for  example,  to  narcotise  the  robber's  victim  (this  especially 
in  the  East),  to  quiet  children,  to  create  love  in  the  opposite  sex 
(love  philters),  to  detect  the  secret  sipper  by  suitably  preparing 
the  wine,  to  expel  the  inconvenient  fruit  of  illicit  afiection,  to 
cure  inebriety  by  polluting  the  drunkard's  drink  with  antimony, 
and,  finally,  to  satisfy  an  aimless  spirit  of  mere  wantonness  and 
wickedness,  the  English  law  enacts  "that  whosoever  shall 
unlawfully  or  maliciously  administer  to,  or  cause  to  be  taken  by, 
any  other  person,  any  poison  or  other  destructive  or  noxious 
thing,  so  as  thereby  to  endanger  the  life  of  such  person,  or  so  as 
thereby  to  inflict  upon  such  person  any  grievous  bodily  harm, 
shall  be  guilty  of  felony." 

There  is  also  a  special  provision,  framed,  evidently,  with  refer- 
ence to  volatile  and  stupefying  poisons,  such  as  chloroform, 
tetrachloride  of  carbon,  &c.  : — 

"  Whoever  shall  unlawfully  apply,  or  administer  to,  or  cause 
to  be  taken  by  any  person,  any  chloroform,  laudanum,  or  other 
stupefying  or  overpowering  drug,  matter,  or  thing,  with  intent, 
in  any  such  case,  thereby  to  enable  himself  or  any  other  person  to 
commit,  or  with  intent,  &c.,  to  assist  any  other  person  in  com- 
mitting, any  indictable  ofience,  shall  be  guilty  of  felony." 

§15.  The  German  statute,  as  with  successive  amendments  it 
now  stands,  enacts  as  follows  : — * 

*  "  Wer  vorsatzlicli  einem  Anderen,  um  dessen  Gesundheit  zu  beschiidigen, 
Gift  oder  andere  Stoffe,  beibringt,  welche  die  Gesundheit  zn  zerstoren 
geeignet  sind,  wird  mit  Zuchthaus  von  zwei  bis  zu  zehn  Jabren  bestraft. 

"1st  durch  die  Handlung  eine  scbwere  Kbrperverletzung  verursacbt 
worden,  so  ist'  auf  Zuchthaus  nicbt  unter  fiinf  Jahren,  und  wenn  durch. 
die  Handlung  der  Tod  verursacbt  worden,  auf  Zuchthaus  nicbt  unter  zehn 
Jahren  oder  auf  lebenslanglicbes  Zuchthaus  zu  erkennen. 

"  Ist  die  vorsatzhche  rechtswidrige  Handhing  des  Gift— &c.,— Beibringens 
auf  das  '  Todten '  gerichtet,  soil  also  durch  dieselbe  gewollter  Weise'  der 
Tod  eines  Anderen  berbeigefuhrt  werden,  so  kommt  iu  betracht :  Wer 
vorsatzUch  einen  Menscben  tiidtet,  wird,  wenn  er  die  Todtung  mit  Ueber- 
legung  ausgefuhrt  hat,  wegen  Mordea  mit  dem  Tode  bestraft." 
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"Whoever  wilfully  administers  {beihringt)  to  a  person,  for 
the  purpose  of  injuring  health,  poison,  or  any  other  substance 
having  the  property  of  injuring- health,  will  be  punished  by  from 
two  to  ten  years'  imprisonment. 

"If  by  such  act  a  serious  bodily  injury  is  caused,  the 
imprisonment  is  not  to  be  less  than  five  years ;  if  death  is  the 
result,  the  imprisonment  is  to  be  not  under  ten  years  or  for 

"  If  the  death  is  Avilfully  caused  by  poison,  it  comes  under  the 
general  law  :  '  Whoever  wilfully  kills  a  man,  and,  if  the  killing 
is  premeditated,  is  on  account  of  murder  punishable  with 
death.' " 

The  French  law  runs  thus  (Art.  301,  Penal  Code) : — "  Every 
attempt  on  the  life  of  a  person,  by  the  effect  of  substances  which 
may  cause  death,  more  or  less  suddenly,  in  whatever  manner 
these  substances  may  have  been  employed  or  administered,  and 
whatever  may  have  been  the  results,  is  called  poisoning."  * 

There  is  also  a  penalty  provided  against  any  one  who  "  shall 
have  occasioned  the  illness  or  incapacity  for  personal  work  of 
another,  by  the  voluntary  administration,  in  any  manner  what- 
ever, of  substances  which,  without  being  of  a  nature  to  cause 
death,  are  injurious  to  health."  f 

§  16.  Scientific  Definition  of  a  Poison. — A  true  scientific  defini- 
tion of  a  poison  must  exclude  all  those  substances  which  act 
mechanically, — the  physical  influences  of  heat,  light,  and  elec- 
tricity; the  various  infections  which  are  supposed  to  be  associated 
with  and  caused  by  the  growth  and  multiplication  of  minute 
organisms ;  and  further,  the  true  parasitic  diseases,  whether 
caused  by  the  growth  of  fungus,  or  the  invasion  of  an  organism 
by  animal  parasites,  as,  for  example,  "  trichinosis."  The  defini- 
tion of  poison,  in  a  scientific  sense,  should  be  broad  enough  to 
comprehend  not  only  the  human  race,  but  the  dual  world  of 
life,  both  animal  and  vegetable. 

Husemann  is  almost  the  only  writer  on  poisons  who  has 
attempted,  with  more  or  less  success,  to  defijie  poison  by  a 
generalisation,  keeping  in  view  the  exclusion  of  the  matters 
enumerated.  Husemann  says— "We  define  poisons,  as  such 
inorganic,  or  organic,  substances  as  are  in  part  capable  of  arti- 

*  "Est  qualifi^  empoisonnement— tout  attentat  h.  la  vie  d'une  personne 
par  I'efifet  de  substances  qui  peuvenb  donner  la  mort  plus  ou  moms  prompte- 
nient  de  quelque  manibre  que  ces  substances  aient  etiS  employ6es^  ou 
administr^es,  et  quelles  qu'en  aient  4t6  les  suites."— Art.  301,  Penal  Code. 

t  "Celui  qui  aura  occasionng  a  autrui  une  maladie  ou  incapacite  de 
travail  personnel  en  lui  administrant  volontairement,  de  quelque  maniere 
que  ce  soit,  des  substances  qui,  saus  6tre  de  nature  a  donner  la  mort,  sent 
nuisibles  a  la  sant(5."— Art.  317,  Penal  Code. 
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ficial  preparation,  in  part  existing,  ready-formed,  in  the  animal 
or  vegetable  kingdom,  which,  without  being  able  to  reproduce 
themselves,  through  the  chemical  nature  of  their  molecules  under 
certain  conditions,  change  in  the  healthy  organism  the  form  and 
general  relationship  of  the  organic  parts,  and,  through  annihila- 
tion of  organs,  or  destruction  of  their  functions,  injure  health, 
or,  under  certain  conditions,  destroy  life." 

I  would  make  an  attempt  to  define  a  poison  thus : — A  sub- 
stance of  definite  chemical  composition,  whether  mineral  or  organic, 
may  be  called  a  poison,  if  it  is  capable  of  being  taken  into  any  living 
organism,  and  causes,  by  its  own  inherent  chemical  nature,  impair- 
ment or  destruction  of  function. 

It  will,  I  think,  be  admitted  that  all  poisons  hitherto  dis- 
covered have  definite  chemical  compositions,  and  can  be  repre- 
sented by  definite  chemical  formulae ;  and  if  in  every  case  the 
active  principle  of  certain  poisonous  secretions  has  not  yet  been 
separated,  in  either  a  pure  enough  state  or  in  sufficient  quantity 
to  admit  of  analysis  and  determination  of  the  nature  of  the 
chemical  molecules,  it  is  none  the  less  certain  that  the  venoms 
of  all  the  snakes,  the  poison  of  the  stinging  insects,  and  the 
more  complicated  vegetable  juices  contain  either  one  active 
principle,  or  a  mixture  of  several,  which,  in  the  progress  of 
chemistry,  will  eventually  be  separated.  Not  so  the  various 
"bacteroid-like  bodies  which  have  been  discovered  in  anthrax, 
small-pox,  tuberculosis,  diphtheria,  &c.  Here  there  is  no  pro- 
bability that — supposing  they  could  be  purified  perfectly  from 
the  medium  in  which  they  live,  and  submitted  to  analysis — any 
formula  could  be  constructed  of  a  satisfactory  character,  or  any 
active  principle  be  separated  by  chemical  means  which  would 
reproduce  the  efiects  observable  in  their  action  on  animal  life. 


II.— CLASSIFICATION  OF  POISONS. 

§  17.  At  some  future  time,  with  a  more  intimate  knowledge 
of  the  way  in  which  each  poison  acts  upon  the  various  forms  of 
animal  and  vegetable  life,  it  may  be  possible  to  give  a  truly 
scientific  and  philosophical  classification  of  poisons — one  based 
neither  upon  symptoms,  upon  local  efiects,  nor  upon  chemical 
structure,  but  upon  a  collation  and  comparison  of  all  the 
properties  of  a  poison,  whether  chemical,  physical,  or  physio- 
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logical.  The  general  arrangement  of  nearly  all  toxicologists  has 
hitherto  been  based  upon  the  physiological  effects  of  poisons. 

Foder6  divided  poisons  into  narcotics,  narcotico-acids,  and 
septics.    Orfila  into — 

I.  OORROSIVES: — 

1.  Mineral  corrosive. 

2.  Vegetable  corrosive. 

3.  Animal  corrosive  poisons. 

II.  Narcotic. 

III.  Irritant  Narcotic. 

IV.  Septic. 

Casper,  in  the  earlier  editions  of  his  handbook,  adopted  a 
physiological  arrangement,  but  afterwards  omitted  all  classi- 
fication. 

Taylor's  division  was  as  follows  : — 

I.  Irritant  Poisons  : — 

1.  Mineral  irritants. 

2.  Vegetable  and  animal  irritants. 

II.  Neurotic  Poisons  : — 

1.  General  or  narcotic  poisons. 

2.  Spinal  poisons. 

3.  Oerebro-spinal  poisons. 

III.  Poisonous  Gases  : — 

1.  Irritant-poisonous  gases. 

2.  Neurotic-poisonous  gases. 

Dr.  Guy  adopted  a  partly  chemical  and  partly  physiological 
arrangement,  thus : — 

I.  Inorganic: — 

a.  Corrosive. 
h.  Irritant. 

II.  Organic  : — 

a.  Irritant. 

b.  Affecting  the  brain 

c.  „        „  spinal  cord. 

d.  „        ,,  heart. 

e.  „        „  lungs. 

These  authors  themselves  would  be  the  first  to  admit  the 
imperfection  of  their  various  classifications ;  and  therefore,  as  it 
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is  universally  acknowledged,  that  no  perfect  systematic  arrange- 
ment is  at  present  attainable,  we  are  either  compelled  to  omit 
all  classification,  or  else  to  arrange  poisons  with  a  view  to 
practical  utility  merely. 

From  the  latter  point  of  view,  an  arrangement  simply  according 
to  the  most  prominent  symptoms  is  a  good  one,  and,  without 
doubt,  an  assistance  to  the  medical  man  summoned  in  haste  to 
a  case  of  real  or  suspected  poisoning.  Indeed,  under  such 
circumstances,  a  scheme  somewhat  similar  to  the  following, 
probably  occurs  to  every  one  versed  in  toxicology  : — 

A.  Poisons  causing  Death  immediately,  oe  in  a  pew  Minutes. 

There  are  but  few  poisons  which  destroy  life  in  a  few  minutes. 
Omitting  the  strong  mineral  acids  and  carbonic  anhydride,  with 
the  irrespirable  gases — Prussic  acid,  the  cyanides,  oxalic  acid,  and, 
occasionally,  strychnine,  are  the  chief  poisons  coming  under  this 
head. 

B.  Irrita^tt  Poisons  (symptoms  mainly  pain,  vomiting,  and 

purging). 

Arsenic,  antimony,  phosphorus,  cantharides,  savin,  ergot,  digitalis, 
colchicum,  zinc,  mercury,  lead,  copper,  silver,  iron,  baryta,  chrome, 
yew,  laburnum,  and  putrid  animal  substances. 

C.  Irritant  and  Narcotic  Poisons  (symptoms  those  of  an 

irritant  nature,  with  the  addition  of  more  or  less  pro- 
nounced cerebral  indications). 

To  this  class  more  especially  belong  oxalic  acid,  and  the  oxalates, 
with  several  poisons  belonging  to  the  purely  narcotic  class,  but 
which  produce  occasionally  irritant  effects. 

D.  Poisons  more  especially  affecting  the  JSTervous  System. 

1.  Narcotics  (chief  symptom  insensibility,  which  may  be 
preceded  by  more  or  less  cerebral  excitement):  Opium,  chloral, 
chloroform. 

2.  Deliriants  (delirium  for  the  most  part  a  prominent  symp- 
tom): Belladonna,  hyoscyamus,  stramonium,  with  others  of  the 
Solanacea:,  to  which  may  be  added— poisowoMs  fungi,  Indian 
hemp,  lolium  temulentum,  cenanthe  crocata,  and  camphor. 

3.  Convulsives. — Almost  every  poison  has  been  known  to 
produce  convulsive  effects,  but  the  only  true  convulsive  poisons 
are  the  alkaloids  of  the  strychnos  class. 

4.  Complex  Nervous  Phenomena:  Aconite,  digitalis,  hemlock, 
calabar  bean,  tobacco,  lobelia  inflata,  and  curara. 
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§  18  However  useful  this  «  rough  and  ready  "  list  of  poisons, 
classed  according  to  their  effects,  may  be  to  the  practitioner,  I 
have  preferred  an  arrangement  which,  as  far  as  possible,  follows 
the  order  m  which  a  chemical  expert  would  search  for  an 
unknown  poison— hence  an  arrangement  partly  chemical  and 
partly  symptomatic.  A  chemist,  given  a  liquid  to  examine, 
v^-ould  naturally  test  first  its  reaction,  and,  if  strongly  alkaline 
or  strongly  acid,  would  at  once  direct  his  attention  to  the 
mineral  acids  or  to  the  alkalies.  In  other  cases,  he  would  pro- 
ceed to  separate  volatile  matters  from  those  that  were  fixed, 
lest  substances  such  as  prussic  acid, "  chloroform,  alcohol,  and 
phosphorus  be  dissipated  or  destroyed  by  his  subsequent  opera- 
tions. 

Distillation  over,  the  alkaloids,  glucosides,  and  their  allies 
would  next  be  naturally  sought,  since  they  can  be  extracted  by 
alcoholic  and  ethereal  solvents  in  such  a  manner  as  in  no  way 
to  interfere  with  an  ffl/i!er-search  for  metals. 

The  metals  are  last  in  the  list,  because,  by  suitable  treat- 
ment, after  all  organic  substances  are  destroyed,  either  by 
actual  fire  or  powerful  chemical  agencies,  even  the  volatile 
metals  may  be  recovered.  The  metals  are  arranged  very  nearly 
in  the  same  order  as  that  in  which  they  would  be  separated 
from  a  solution — viz.,  according  to  their  behaviour  to  hydric 
and  ammonic  sulphides. 

There  are  a  few  poisons,  of  course,  such  as  the  oxalates  of  the 
alkalies,  which  might  be  overlooked,  unless  sought  for  specially ; 
"but  it  is  hoped  that  this  is  no  valid  objection  to  the  arrange- 
ment suggested,  which,  in  greater  detail,  is  as  follows  : — 


A.— ACIDS  AND  ALKALIES. 

1.  Sulphuric  acid. 

2.  Hydrochloric  acid. 

3.  Nitric  acid. 

4.  Potash. 

5.  Soda. 

6.  Ammonia. 

7.  Neutral  sodium,  potassium,  and  ammonium  salts. 


In  nearly  all  cases  of  death  from  any  of  the  above,  the  analyst, 
from  the  symptoms  observed  during  life,  from  the  surrounding 
circumstances,  and  from  the  pathological  appearances  and  evident 
chemical  reactions  of  the  fluids  submitted,  is  put  at  once  on  the 
right  track,  and  has  no  difliculty  in  obtaining  decided  results. 
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B.-POISONOUS  SUBSTANCES  CAPABLE  OF  BEING  SEPA- 
RATED BY  DISTILLATION  FROM  EITHER  NEUTRAL 
OR  ACID  LIQUIDS. 

1.  Hydrocarbons. 

2.  Oamplior. 

3.  Alcohols. 

4.  Amyl-nitrite. 

5.  Ohlorofoi-m  and  other  anaesthetics. 

6.  Carbon  disulphide. 

7.  Carbolic  acid. 

8.  Nitro-benzene. 

9.  Prussic  acid. 
10.  Phosphorus. 

I  have  not  thought  well  to  include  in  this  class  the  volatile 
alkaloids,  which  may  also  be  readily  distilled  by  strongly  alka- 
lising  the  fluid,  because  they  admit  of  a  rather  different  mode 
of  treatment. 

C— ALKALOIDS  AND  POISONOUS  VEGETABLE  PRIN- 
CIPLES SEPARATED  FOR  THE  MOST  PART  BY 
ALCOHOLIC  SOLVENTS. 

DIYISION  I. — Vegetable  Alkaloids. 

1 .  General  methods  of  testing  and  extracting  alkaloids. 

2.  Liquid  volatile  alkaloids,  alkaloids  of  hemlock,  nicotine, 
piturie,  sparteine. 

3.  The  opium  group  of  alkaloids. 

4.  The  strychnine  or  tetanic  group  of  alkaloids — strychnine, 
brucine,  igasurine. 

5.  The  aconite  group  of  alkaloids. 

6.  The  mydriatic  group  of  alkaloids — atropine,  hyoscyamine, 
solanine,  cytisine. 

7.  The  alkaloids  of  the  veratrines. 

8.  Physostogmine. 

9.  Pilocarpine. 

10.  Taxine. 

11.  Curarine. 

12.  Colchicine. 

13.  Muscarine  and  the  active  principles  of  certain  fungi. 
There  would,  perhaps,  have  been  an  advantage  in  arranging 

several  of  the  individual  members  somewhat  differently — e.g., 
a  group  might  be  made  of  poisons,  which,  like  pilocarpine  and 
muscarine,  are  antagonistic  to  atropine  ;  and  another  group  sug- 
gests itself,  the  physiological  action  of  which  is  the  opposite  of 
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the  stryclmos  class;  solanine  (although  classed  as  a  mydriatic,  and 
put  near  to  atropine),  has  much  of  the  nature  of  a  glucoside,  and 
the  same  may  be  said  of  colchicine ;  so  that,  if  the  classification 
were  made  solely  on  chemical  grounds,  solanine  would  have 
followed  colchicine,  and  thus  have  marked  the  transition  from 
the  alkaloids  to  the  glucosides. 

DIVISION  II.— Glucosides. 

1.  The  digitalis  group. 

2.  Other  poisonous  glucosides  acting  on  the  heart. 

3.  Saponin. 

The  glucosides,  when  fairly  pure,  are  easily  recognised ;  they 
are  destitute  of  nitrogen,  neutral  in  reaction,  and  split  up  into 
sugar  and  other  compounds  when  submitted  to  the  action  of 
saponifying  agents,  such  as  boiling  with  dilute  mineral  acids. 

DIVISION  III. — Certain  Poisonous  Anhydrides  op  the 

Organic  Acids. 
1.  Santonin.  2.  Mezerein. 

It  is  probable  that  this  class  will  in  a  few  years  be  extended, 
for  several  other  organic  anitrogenous  poisons  exist,  which,  when 
better  known,  will  most  likely  prove  to  be  anhydrides. 

DIVISION  IV. — Various  Vegetable  Poisonous  Principles 
not  admitting  op  classification  under  the  previous 
Three  Divisions. 

Ergot,  picrotoxin,  the  poison  of  Illicium  religiosum,  cicutoxin, 
jEthusa  cynapiuvi,  CEnanthe  crocata,  croton  oil,  savin  oil. 

The  above  division  groups  together  various  miscellaneous  toxic 
principles,  none  of  which  can  at  present  be  satisfactorily  classified. 

D.— POISONS  DERIVED  FROM  LIVING  OR  DEAD 
ANIMAL  SUBSTANCES. 

DIVISION  I. — Poisons  Secreted  by  the  Living. 

1.  Poisonous  amphibia. 

2.  Poison  of  the  scorpion. 

3.  Poisonous  fish. 

4.  Poisonous  insects — spiders,  wasps,  bees,  beetles,  &c. 

5.  Snake  poison. 

DIVISION  II. — Poisons  formed  in  Dead  Animal 

Matters. 

1.  Ptomaines. 

2.  Poisoning  by  putrid  or  changed  foods — sausage  poisoning. 


E.— THE  OXALIC  ACID  GROUP. 
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F.— INORGANIC  POISONS. 

DIVISION  I —Precipitated  from  a  Hydrochloric  Acid 
Solution  by  Hydric  Sulphide— Precipitate,  Yellow 
OR  Orange. 
Arsenic,  antimony,  cadmium. 

DIVISION  II. — Precipitated  by  Hydric  Sulphide  in 

Hydrochloric  Acid  Solution— Black. 
Lead,  copper,  bismuth,  silver,  mercury. 

DIVISION  III. — Precipitated  from  a  Neutral  Solution 
BY  Hyeric  Sulphide. 

Zinc,  nickel,  cobalt. 

DIVISION  IV. — Precipitated  by  Ammonic  Sulphide. 
Iron,  chromium,  thallium. 

DIVISION  v.— Alkaline  Earths. 

Barium. 

Appendix. — Examination  of  Blood  and  of  Blood  Spots. 


III.— STATISTICS. 

§  19.  The  number  of  deaths  from  poison  (whether  accidental, 
suicidal,  or  homicidal),  as  compared  with  other  forms  of  violent,  as 
well  as  natural  deaths,  possesses  no  small  interest;  and  this  is  more 
especially  true  when  the  statistics  are  studied  in  a  comparative 
manner,  and  town  be  compared  with  town,  country  with  country. 

The  greater  the  development  of  commercial  industries  (especi- 
ally those  necessitating  the  use  or  manufacture  of  powerful 
chemical  agencies),  the  more  likely  are  accidents  from  poison  to 
occur.  It  may  also  be  stated,  further,  that  the  higher  the  mental 
development  of  a  nation,  the  more  likely  are  its  homicides  to  be 
caused  by  subtle  poison — its  suicides  by  the  euthanasia  of  chloral, 
morphine,  or  hemlock. 

Other  influences  causing  local  diversity  in  the  kind  and 
frequency  of  poisoning,  are  those  of  race,  of  religion,  of  age 
and  sex,  and  the  mental  stress  concomitant  with  sudden  political 
and  social  changes. 

In  the  five  years  from  1863-1867,  there  appear  to  have  died 
from  poison,  in  England  and  Wales,  2097  persons.  In  a  certain 
number  (1,620)  of  these,  cases,  the  poison,  with  more  or  less  clear- 
ness, is  indicated,  and  the  causes  of  death  may  be  arranged  in 
.  the  order  of  frequency,  thus  : — 
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Opiates, 
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TABLE  L-DEATHS  FROM  POISON  BETWEEN  1863-1867. 

Opium  and  Laudanum,  .  426 
Opium,  .       .       .       _  1 
Morphia,      .       .  .  32 1 

Godfrey's  Cordial, 


Lead  Salts, 

Cyanides,  . 

Arsenic, 

Acids, 

Oxalic  Acid, 
Mercury,  . 
Strychnine, 
Alcohol, 

Worm  Powder,  . 
Phosphorus, 

Ammonia  and  Hartshorn, 

Chloride  of  Zinc, 

Aconite, 

Belladonna, 

Fungi, 

Carbolic  Acid,  . 
Chlorodyne, 
Turpentine, 
Sulphate  of  Copper,  . 
Colchicum, 
Disinfecting  Fluid, 
Nitrate  of  Potash, 
Chloric  Ether,  . 
Cantharides, 

Indefinitely  stated,  . 


(  Cyanide  of  Potash  and 
i  Acid, 

(  Oil  of  Bitter  Almonds 

(  Sulphuric  Acid, 
<  Nitric  Acid,  . 
(  Hydrochloric  Acid 


56 

Prussic  ) 
151  C 
31) 


(  Too  large  doses  of  Medicine, 
J  Unsuitable  Pood,  . 
)  Unsuitable  Medicine, 
f  Poisonous  shell-fish. 


53) 

1! 


16 

5 


52 
33 
17  I 
8 


628 


242 

182 

83 

74 

6G 
58 
41 
35 
20 
15 
11 
8 
6 
•6 
6 
5 
4 
3 
3 
3 
3 
3 
3 
2 


110 


1,620 

Throwing  out  the  1 10  cases  which  cannot  be  accurately  defined, 
it  would  then  seem  likely  that,  in  the  years  mentioned,  a 
thousand  cases  of  poisoning — accidental,  homicidal,  and  suicidal 
— would  be  arranged  thus  : — 

Opiates,     .       .     '  4I4 


Lead  Salts. 


159 


Cyanides,   '  ^13 

Arsenic,   55 

Oxalic  Acid,  43 

Mineral  Acids,  .*       !  '.  42 

Mercury,   33 

Strychnine,  27 

Alcohol,   !  23 

Phosphorus,   9 

The  remaining  82  would  be  of  a  miscellaneous  character. 
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TABLE  II  *  —  SUBSTAXCES  EMPLOYED  IN  1000  MALE  AND 
FEMALE  SUICIDES  BY  POISON  IN  ENGLAND  DURING 
THE  TEN  YEAES,  1871-80. 


Poison. 


Opiates,  

Cyanides — 

Prussic  Acid,  Oil  of  Almonds, 

Cyanide  of  Potassium, 
Vermin-KiUer  and  Fly-Killer,  . 
Carbolic  Acid,  .... 
Strychnine,  .... 

Mineral  Acids— 

Acid  Hydrochloric,  . 

,,   Sulphuric, . 

,,  Nitric, 
Oxalic  Acid,  Salts  of  Sorrel, 
Arsenic,  ..... 
Mercury,  ..... 
Phosphorus,  .... 
Chloroform,  Chloral,  and  Chlorodyne 
Ammonia,  .... 
Belladonna,  .... 

Aconite,  

Copper,    .       .       .  . 

BenzoUne,  Paraffin,  . 

Chloride  of  Zinc,  Disinfecting  Fluid, 

Lead,  

Liniment, ..... 
Bichromate  of  Potash, 
Alcohol,  ..... 
Colocynth,  .... 
Hellebore,  .... 

Iodine,  

Acetic  Acid,  .... 
Cantharides,  .... 
Colchicum,  .... 
Tartaric  Acid,  . 
Yew,       .    '  .       .       .  : 


Males.  Females. 


256-5 

178-4 
111-1 
47-6 
57-4 
79-4 

39-1 

22-  0 
19-5 
70-8 
28-1 

23-  2 
11-0 
15-9 
11-0 

6-1 
6-1 

1-  2 
4-8 

2-  4 
1-2 

1-2 


1-2 
1-2 
1-2 
1-2 
1-2 


1C7I 

27-5 
39-6 
194-5 
130-9 
103-3 

34-5 
39-6 
15-5 
87-8 
51-6 
27-5 
24-1 
8-6 
8-6 
8-6 
3-4 
6-9 
1-7 
3-4 
3-4 
3-4 
1-7 
1-7 
1-7 
1-7 
1-7 


Accident  or  Negligeuce. 

Suicide. 

Murder. 

1877,  .       .       .       ■  ■ 

1878,  . 

1879,  . 

1880,  .      .             ■  • 

M. 

37 
49 
234 
229 
48 

F. 

31 

24 
IIG 
IHU 

20 

M. 

3G 
28 
1!0 
143 
52 

F. 

23 
20 
99 
104 
21 

M. 
1 

.  1 
1 
U 
1 

F. 

2 
0 
2 
4 
0 

597 

330 

875 

267 

4 

8 
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It  is  useful  to  compare  the  two  previous  tables  together.  The 
second  list,  as  might  be  expected,  is  at  once  more  definite  and 
more  complete.  Opiates  hoM  the  first  place  in  both,  but  the 
extended  use  of  carbolic  acid  has  introduced  a  new  and  ever 
ready  means  of  suicide.  The  mineral  acids,  as  before,  occupy  the 
sixth  place,  but  arsenic  does  not  appear  to  be  such  a  favoured 
medium  of  suicide  as  in  former  years. 

TABLE  III. -SHOWING  THE  ADMISSIONS  INTO  VARIOUS 
MEDICAL  INSTITUTIONS*  IN  BERLIN  OF  PERSONS 
SUFFERING  FROM  THE  EFFECTS  OF  POISON  DURING 
THE  THREE  YEARS,  1876,  1877,  1878. 


Males. 

Females. 

Total. 

Charcoal  Vapour,  ..... 

77 

78 

155 

Sulphuric  Acid,  ..... 

24 

Hydrochloric  Acid  

4 

93 

"VT"J_    '         A      ■  1               14                T~>  * 

Nitric  Acid,  and  Aqua  Regia,  . 

7 

...  ) 

Phosphorus,  ...... 

lo 

28 

A  1 

41 

Cyanide  of  Potash,  

29 

? 

38 

Prussic  Acid,  ...... 

rf 

0 

1  \ 

Oxalic  Acid,  and  Oxalate  of  Potash, 

11 

8 

19 

Alcohol,  

12 

2 

14 

Arsenic,  ....... 

7 

5 

12 

Morphine,  

8 

i  i 

12 

Opium,  ....... 

Potash  or  Soda  Lye, .       .       .  . 

2 

2 

6 

8 

Chloral,  ....... 

3 

4 

7 

Chloroform,  

4 

6 

Sewer  Gas,  

5 

5 

Strychnine  

"i 

4 

Atropine,  

1 

2 

3 

Copper  Sulphate,  

1 

2 

3 

Nitrobenzol,  

2 

2 

Carbolic  Acid,  

2 

2 

Chromic  Acid,  .       .       .       •       •  • 

i 

1 

2 

Burnt  Alum  

1 

Ammonium  Sulphide,  .... 

"i 

Datura  Stramonium,  .... 

i 

Petroleum,  ...... 

1 

Benzine, 

1 

Ether,      .       .       .  . 

1 

Prussic  Acid  and  Morphine, 

1 

Prussic  Acid  and  Chloral, 

1 

Turpentine  and  Sal  Ammoniac, 

1 

223 

212 

435 

*  Viz.,  the  Konigl.  Charitfe,  Allg.  Stiidtisches  Krankenhaus,  Stiidtisches 
Baracken-Lazareth,  Bethanien,  St.  Helwog's-Lazarus,  Elisabethen-Kranken- 
haus,  Augusta  Hospital,  and  the  Institut'fur  Staatsarzneikunde. 


§  20,  21.] 
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The  probability,  then,  is  strong  that  1,000  deaths  from  poison 
in  or  about  Berlin  would  be  made  up  as  follows  : — 


Charcoal  Vapour,   oob 

Mineral  Acids,   214 

Phosphorus,    .   94 

Cyanides— z.e.,  Potassic  Cyanide  and  Prussic  Acid,  90 

Oxalic  Acid  and  Oxalates,   44 

Alcohol,   32 

Opium  and  Morphia,   28 

Arsenic   28 

Chloral,   16 

Chloroform,   14 

Sewer  Gas,   11 

Strychnine,   9 

Atropine,   7 

Sulphate  of  Copper,   7 

Nitro-Benzol,  ........  5 

Carbolic  Acid,   5 

Chromic  Acid,   5 


The  remaining  thirty-five  will  be  made  up  of  the  more 
uncommon  poisonings,  either  of  matters  but  little  known,  or 
of  more  or  less  complex  mixtures. 

§  20.  Accidental  Poisoning. — The  total  deaths  from  accidental 
poisoning  in  England  for  the  twenty-five  years,  1848-1872,  were 
8,234,  the  distribution  of  sexes  being — males,  4,792 ;  females, 
3,442.  If  calculated  out  in  ratios  of  deaths  from  all  causes,  the 
proportions  are — 82  per  million  total  deaths,  males;  62  per  million 
total  deaths,  females ;  or  1 9  per  million  of  the  living  male  popula- 
tion, and  13  of  the  living  female  population.  The  influence  of  age 
may  be  gathered  from  the  following  table,  which  gives  the 
■abstract  numbers  representing  the  relative  probability  of  poison- 
ing at  the  ages  given  of  a  million  people  in  the  period  named : — 


Under  1  year, 
„       5  years, 

„     10  „ 

20  „ 

5>     35  ,, 

45  „ 

)>  „ 

..     65  „ 

Above  45  ,, 


§  21.  Suicide  by  Foison.— During  the  fifteen  years,  1853-1872, 
5,-566  females,  and  15,340  males  committed  suicide.  The  different 
forms  of  death  which  these  unfortunate  persons  chose  may  be 
tabulated  thus :— 

3 


Males. 

Females. 

141 

113 

56 

37 

5 

4 

7 

13 

13 

10 

29 

14 

31 

40 

27 

17 

22 

27 
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MALES. 

Number.  Per  Thousand. 

Hanging,                                          6,821  444 

Cutting,  Stabbing,  ....       3' 189  208 

Drowning,                                           2,094  136 

Otherwise,      ......       1,199  78 

Poison,  1,110  72 

Gunshot,.       .....         937  62 

FEMALES.  B 

Hanging,                                          1,665  299 

Drowning                                           1,616  290 

Poison,                                                 900  162 

Cutting,  ......         890  160 

Otherwise                                             483  87 

Gunshot,                                                12  2 

Methods  of  suicide  adopted  by  1,000  males  and  females' in 
Great  Britain  per  1,000  of  each  sex,  1871-80  :— 

Malee.  Females. 

Hanging,  Strangulation,  .       .       .       399-8  268-1 

Cut,  Stab,  or  other  Wound,     .       .       212-0  147-9 

Drowning,                                         165-5  333-3 

Poison,                                                 78-9  172-2 

Gunshot,                                            67-8  2-3 

Lying  on  Eail,  or  Jumping  from  the 

Train,                                             23-6  7  6 

Jumping  from  Height,     .       .       .        20*5  35-9 

Otherwise,                                          31-9  32  7 


Hanging,  then,  appears  to  be  the  most  favoured  mode  of 
death,  but  with  regard  to  other  violent  causes  of  decease,  the 
different  habits  of  life  and  formation  of  the  two  sexes  cause 
a  considerable  difference.  A  woman  is  not  accustomed  to  fire- 
arms, and  has  seldom  access  to  them ;  she  is  also  averse  to 
cutting  instruments ;  hence  "  cutting  and  stabbing"  occupying 
the  second  place  in  order  of  frequency  among  the  male  suicides, 
diminishes  to  the  fourth  place  among  the  female,  while  the  item 
gunshot  wounds  and  wounds  by  firearms  generally  "  although  occu- 
pying the  place  of  least  frequency  in  both  sexes,  yet  accounts 
for  more  than  sixty  per  thousand  of  the  males,  and  only  two 
per  thousand  of  the  females.  Death  by  poison  is  third  in  the 
list  of  female  suicides,  and  fourth  among  males;  this,  again, 
is  evidently  due  to  the  mental  peculiarities  of  the  two  sexes, 
and  in  part  also,  perhaps,  to  the  superior  facilities  of  the 
male  in  the  possession  of  destructive  weapons.  However  this 
may  be,  it  is  evident  from  the  statistics  quoted  that,  among 
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English  people,  a  suicidal  woman  is  twice  as  likely  to  take 
poison  as  a  suicidal  man.  Whether  this  ratio  would  hold  good 
if  the  statistics  were  drawn  entirely  from  the  educated  ranks  of 
society  is  perhaps  doubtful.  Very  similar  results  are  brought 
out  by  Fircks  in  his  Prussian  statistics.* 


TABLE  IV.-SHOWING  THE  PREDILECTION"  OP  1000  PRUSSIAN 
SUICIDES  PGR  VARIOUS  FORMS  OP  VIOLENT  DEATHS 
FOR  THE  SEVEN  YEARS  1869-1875. 


Males.  Females. 

Hanging,   647-19  441-95 

Drowning,  .      .       .       .       .       .       ,  137-89    "  406-06 

Poison,   18-31  65-45 

Cut-throat,   30-52  31-76 

Firearms,   129-77  5-82 

Suicide  by  placing  themselves  on  the  Railway,    14-46  13*59 

Fall  from  a  Height,   6-34  13-81 

Opening  of  the  Veins,   5-16  5-09 

Breathing  Poisonous  Gases,       .       .       .  1-42  8-73 

Stabbing,   3-76  3-88 

StrangUng,   2-79  2-18 

Cutting  the  Abdomen,       ....  -59  -72 

Other  ways,  and  unclassed,       .       .       .  1-80  -96 


Poison  in  the  Prussian  statistics  occupies  the  third  place, 
ias  in  England;  but  the  effect  of  a  military  education,  and  the 
constant  handling  of  firearms,  causes  the  deaths  of  suicidal  males 
by  gun  or  pistol  shot,  instead  of  occupying,  as  in  England,  the 
last  place  in  order  of  frequency,  actually  to  stand  third  in  the 
list,  and  to  account  for  nearly  130  per  thousand  of  the  total 
violent  deaths. 


CRIMINAL  POISONING. 


•  ^  ^^^^  "^^^"^  statistics  of  criminal  poisoning  have  been 
given  by  Tardieuf  for  the  21  years,  1851-1871,  which  may  be 
summarised  as  follows  : —  ^ 

Ji-h^^'f'i^''^ ry^-y'-^  ^'^^^'juncj  der  Bevollcerunn  im  Preussischen  StaafP 
■wahrmd  des  Zetiraumes  vom  Jahre  1816,  bis  zumJahre  S  t  wrTll 

t  "Allude  M6dko-L6(jale  sur  rEmpoisonnemcnt."   Paris,  1875. 
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Total  Accusations  of  Poisoning  in  the  21  years,    .  . 

Results  of  the  Poisoning  :— 

Death,   280) 

Illness   346  > 

Negative,   246 ) 


Accused  : — 

Men, 
Women, 


Nature  of  Poison  Employed  : — 

Arsenic,  ... 
Phosphorus,  . 

/  Sulphate, 
^^PP^'^t  Acetate  (Verdigris), 

(  Sulphuric  Acid,  . 
Acids  <  Hydrochloric  Acid, 

(  Nitric  Acid, 
Cantharides,  . 
Nux  Vomica,  , 
Strychnine,  . 

(  Opium,  . 
Opiates  <  Laudanum, 

(  Sedative  Water, 
Salts  of  Mercury,  . 
Sulphate  of  Iron,  . 
Preparations  of  Antimony, 
Ammonia, 

^  i  Prussic  Acid, 

Cyamdes  I  Cyanide  of  Potash 
Hellebore, 

Datura  Stramonium, 
Powdered  Glass,  . 
Digitalin, 
Potash,  , 

Sulphate  of  Zinc,    .       .       -  - 
Eau  de  Javelle  (a  solution  of  Hypochlorite  of 
Tincture  of  Iodine, 
Croton  OU, 
Nicotine, 
Belladonna,  . 
"Baume  Fiovarenti, 
Euphorbia, 
Acetate  of  Lead, 
Carbonic  Acid  Gas, 
Laburnum  Seeds, 
Colchicum, 
Mushrooms,  . 
Sulphuric  Ether, 


304 

399 


120 
39 
36 
8 
3 

5 
7 
6 
3 
1 


2" 


Potash), 


793 


872 


703 


287 
267 

159 

47 

30 
12 

10 

8 
6 
5 
4 

4 

3 
3 
3 
2 
2 
2 


Total, 


867 
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It  hence  may  be  concluded,  according  to  these  statistics  of 
criminal  poisoning,  that  of  1000  attempts  in  France,  either 
to  injure  or  to  destroy  human  life  by  poison,  the  following  is  the 
most  probable  selective  order : — 


Arsenic,   331 

Phosphorus,   301 

Preparations  of  Copper,   1S3 

The  Mineral  Acids,   54 

Cantharides,   35 

Strychnine,   14 

Opiates,   12 

Mercurial  preparations,   9 

Antimonial  preparations,        ......  6 

Cyanides  (that  is,  Prussia  Acid  and  Potassic  Cyanide),   .  5 

Preparations  of  Iron,       .   5 


This  list  accounts  for  995  poisonings,  and  the  remaining  45 
Avill  be  distributed  among  the  less  used  drugs  and  chemicals. 


IV.— THE  CONNECTION  BETWEEN  TOXIC  ACTION 
AND  CHEMICAL  COMPOSITION. 

§  23.  The  therapeutic  or  poisonous  action  of  a  newly  discovered 
compound  can  only  be  found  by  testing  it  with  life.  This 
"  life-test "  is  also  from  time  to  time  necessary  to  identify  certain 
substances,  the  chemical  reactions  of  which  are  inferior  to,  or 
more  obscure  than,  their  physiological  effects.  No  great  gener- 
alisation has  yet  been  propounded  by  which,  from  the  chemical 
composition  of  a  given  substance,  we  can  predicate  its  physio- 
logical action;  but  work  has  been  done  in  this  direction  which 
gives  reason  to  expect  that  it  will  ultimately  be  accomplished. 
Drs.  Crum  Brown  and  Fraser*  have  suggested  that  there  is 
some  relation  betv/een  toxicity  and  the  saturated  or  non- 
saturated  condition  of  the  molecule.  For  example,  kakodylic  acidt 

*  "On  the  Connection  between  Chemical  Constitution  and  Physiolorical 
Action,  with  special  reference  to  the  physiological  action  of  the  Ammonium 
Bases,  derived  from  Strychnine,  Brucine,  Thebaine,  Codeine,  Morphine,  and 

m't^   p  P  P"""  ^r^^""'  J'-K-S.E.,  and  T.  B.  Fraser, 

m.v.,  tt.h.b.hj.    Journ.  Anat.  and  Phys.,  vol.  ii.,  p.  224. 
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n  tframethyl  stibomum  has  no  emetic  properties; 
these  are  all  saturated  compounds;  but,  on  the  other  hand,  there 
are  several  exceptions;  such,  e.g.,  as  alcohol,  oxalic  acid,  and 
corrosive  sublimate.  The  experiment  of  introducing  methyl 
into  strychnine  led  to  some  interesting  results.     {See  article 

M.  Oh.  Michet*  has  investigated  the  comparative  toxicity  of 
tne  metals  by  experiments  on  fish,  using  species  of  serranus, 
crenolabrus,  and  julis.  The  chloride  of  the  metal  was  dissolved 
m  water  and  diluted  until  just  that  strength  was  attained  in 
which  the  fish  would  live  48  hours;  this,  when  expressed  in 
grammes  per  litre,  he  called  "the  limit  of  toxicity." 

The  following  is  the  main  result  of  the  inquiry,  by  which  it 
will  be  seen  that  there  was  found  no  relation  between  "the  limit 
of  toxicity,"  and  the  atomic  weight. 
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v.— LIFE-TESTS ;  OR,  THE  IDENTIFICATION  OF 
POISON  BY  EXPERIMENTS  ON  ANIMALS. 

§  24.  A  philosophical  investigation  of  poisons  demands  a  com- 
plete methodical  examination  into  their  action  on  every  life 
form,  from  the  lowest  to  the  highest.  Our  knowledge  is  more 
definite  with  regard  to  the  action  of  poisons  on  man,  dogs,  cats, 

*  "De  la  Toxicitd  comparde  des  diffdrents  M6taux. "  Note  de  M.  Ch  Michel. 
Convpt.  Rend.,  t.  xciii.,  1881,  p.  649. 
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rabbits,  and  frogs  than  on  any  other  species.  It  may  be  con- 
venient here  to  make  a  few  general  remarks  as  to  the  action  of 
poisons  on  infusoria,  the  cephalopoda,  and  insects. 

Infusoria.— The  infusoria  are  extremely  sensitive  _  to  the 
poisonous  alkaloids  and  other  chemical  agents.  Such  tiny  lives 
are,  for  the  most  part,  ever  at  hand  ;  the  nearest  pool  of  stagnant 
water  will  furnish  them  in  abundance,  or  they  may  be  produced 
at  home  by  steeping  bread  or  meal  for  a  few  days  in  spring  or 
river  water  kept  at  a  temperature  of  from  15°  to  18°.  Strong 
doses  of  the  alkaloids  cause  a  contraction  of  the  cell  contents, 
and  somewhat  rapid  disintegration  of  the  whole  body  ;  moderate 
doses  at  first  quicken  the  movements,  then  the  body  gets  per- 
ceptibly larger,  and  finally,  as  in  the  first  case,  there  is  integra- 
tion of  the  animal  substance. 

Rossbach  *  gives  the  following  intimations  of  the  proportion 
of  the  toxic  principle  necessary  to  cause  death  : — Strychnine 
1  part  dissolved  in  1500  of  water ;  veratrine  1  in  8000 ;  quinine 
1  in  5000 ;  atropine  1  in  1000 ;  the  mineral  acids  1  in  400-600 ; 
salts  1  in  200-300. 

The  extraordinary  sensitiveness  of  the  infusoria,  and  the 
small  amount  of  material  used  in  such  experiments,  would  be 
practically  useful  if  there  were  any  decided  difference  in  the 
symptoms  produced  by  different  poisons.  But  no  one  could 
be  at  all  certain  of  even  the  class  to  which  the  poison  belongs 
were  he  to  watch,  without  a  previous  knowledge  of  what  had 
been  added  to  the  water,  the  motions  of  poisoned  infusoria. 
Hence  the  fact  is  more  curious  than  useful. 

Cephalopoda. — The  action  of  a  few  poisons  on  the  cephalopoda 
has  been  investigated  by  M.  E.  Yung.f  Ourara  placed  on  the 
skin  had  no  effect,  but  on  the  branchife  led  to  general  paralysis. 
If  given  in  even  fifteen  times  a  greater  dose  than  necessary  to 
kill  a  rabbit,  it  was  not  always  fatal.  Strychnine,  dissolved  in 
sea-water,  in  the  proportion  of  1  to  30,000,  causes  most  marked 
symptoms.  The  first  sign  is  relaxation  of  the  chromataphore 
muscle  and  the  closing  of  the  chromataphores ;  the  animal  pales, 
the  respiratory  movements  become  more  powerful,  and  at  the 
end  of  a  notable  augmentation  in  their  number,  they  fall  rapidly 
from  the  normal  number  of  25  to  5  a  minute.  Then  tetanus 
commences  after  a  time,  varying  with  the  dose  of  the  poison ; 
the  arm  stiffens  and  extends  in  fan-like  form,  the  entire  body 
is  convulsed,  the  respiration  is  in  jerks,  the  animal  empties  his 
pouch,  and  at  the  end  of  a  few  minutes  is  dead,  in  a  state  of 


*  N.  J.  Rossbach,  Pharm.  Zeitschr.  fur  Russland,  xix.  628. 
t  Gompt.  Rend.,  t.  xci.,  i\  306. 
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great  muscular  rigidity.  If  at  this  moment  it  is  opened,  the 
T«nous  heart  is  found  still  beating.  Nicotine  and  other  poisons 
were  experimented  with,  and  the  cephalopoda  were  found  to  be 
generally  sensitive  to  the  active  alkaloids,  and  to  exhibit  more 
or  less  marked  symptoms. 

Insects.— I  devoted  considerable  time,  in  the  autumn  of  1882, 
to  observations  on  the  effect  of  certain  alkaloids  on  the  common 
blow-fly,  thinking  it  possible  that  the  insect  would  exhibit  a. 
sufficient  series  of  symptoms  of  physiological  phenomena  to 
enable  it  to  be  used  by  the  toxicologist  as  a  living  re-agent. 
If  so,  the  cheapness  and  ubiquity  of  the  tiny  life  during  a  con- 
siderable portion  of  the  year  would  recommend  it  for  the 
purpose.  The  results,  on  the  whole,  came  up  to  my  expecta- 
tions, and,  provided  two  blow-flies  are  caught  and  placed  beneath 
glass  shades — the  one  poisoned,  the  other  not — it  is  surprising 
what  a  variety  of  symptoms  can,  Avith  a  little  practice,  be 
distinguished.  Nevertheless,  the  absence  of  pupils,  and  the 
want  of  respiratory  and  cardiac  movements,  are,  in  an  experi- 
mental point  of  view,  defects  for  which  no  amount  or  variety 
of  merely  muscular  symptoms  can  compensate. 

From  the  nature  of  the  case,  we  can  only  distinguish  in  the 
poisoned  fly  dulness  or  vivacity  of  movement,  loss  of  power  in 
walking  on  smooth  surfaces,  irritation  of  the  integument,  dis- 
orderly movements  of  the  limbs,  protrusion  of  the  fleshy  pro- 
boscis, and  paralysis,  whether  of  legs  or  wings.  My  experiments 
were  chiefly  made  by  smearing  the  extracts  or  neutral  solutions 
of  poisons  on  the  head  of  the  fly.  In  this  way  some  of  it  i& 
invariably  taken  into  the  system,  partly  by  direct  absorption, 
and  partly  by  the  insect's  efforts  to  free  itself  from  the  foreign 
substance,  in  which  it  uses  its  legs  and  proboscis.  For  the 
symptoms  witnessed  after  the  application  of  saponine,  digitalin, 
and  aconitine,  the  reader  is  referred  to  the  articles  on  those 
substances. 

In  poisoning  by  sausages,  bad  meat,  aconitine,  curarine,  and 
in  obscure  cases  generally,  in  the  present  state  of  science,, 
experiments  on  living  animals  are  absolutely  necessary.  In  this,, 
and  in  this  way  only,  in  very  many  instances,  can  the  expert 
prove  the  presence  of  zymotic,  or  show  the  absence  of  chemical 
poison. 

§  25.  Methods. — The  simplest  method  of  experiment  on  animals, 
is  one  of  high  antiquity  :  some  domestic  animal,  such  as  a  dog  or 
cat,  is  induced  to  eat  part  of  the  "  substance  suspect  "  by  mixing- 
it  with  his  food.  If  the  animal  eat  and  live,  the  substance  is 
innocent;  if  he  eat  and  die,  there  is  something  wrong.  By 
modern  and  more  scientific  methods,  solutions  of  poisons  are. 
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injected  directly  into  the  circulation  or  beneath  the  skin,  the 
latter  method  being  nearly  always  the  more  convenient.  A 
small  glass  syringe,  provided  with  a  hollow  needle,  is  charged, 
and  the  operator  injects  under  the  skin  a  known  quantity  of 
the  solution,  and  watches  the  effects.  In  experimenting  m  this 
Avay  on  small  animals  such  as  mice,  the  needle,  however  fine,  is, 
considering  the  size  of  the  animal,  really  of  the  proportional 
dimensions  of  a  spear  to  man,  and  efi'ects  are  produced  by  the 
wound,  itself  Hence,  it  is  more  prudent  in  this  instance  to 
take  two  mice  and  inject  under  the  skin  of  the  one  the  liquid, 
the  properties  of  which  are  sought,  and  under  the  skin  of  the 
other  an  equal  bulk  of  pure  water.  Both  mice  having  then 
been  wounded  in  a  similar  place  and  manner,  but  with  syringes 
differently  charged,  are  strictly  comparable,  and  the  error  of 
confusing  the  mere  effects  of  the  operation  with  that  of  a  poison 
is  not  likely  to  happen.  The  best  seat  for  subcutaneous  injec- 
tion is  the  skin  at  the  back  of  the  neck,  which  in  all  animals  is 
there  a  little  loose.  This  situation  is  the  more  convenient,  since 
cats  and  dogs  taken  up  by  firmly  grasping  this  loose  skin  are 
unable  to  turn  and  bite.  The  operation  itself  presents  no  diffi- 
culty. If  material  suffice,  it  may  be  desirable  to  make  several 
experiments  on  different  classes  of  animals,  and  when  this  is  the 
case,  the  cat,  the  rabbit,  and  the  frog  are,  all  things  considered, 
the  best  subjects  for  selection. 

§  26.  In  making  experiments  on  animals,  the  amount  or  dose 
of  the  poison  used,  the  time  of  its  administration,  and  the  time 
of  occurrence  of  any  symptoms  should  be  accurately  noted. 
The  disturbances  or  deviations  from  the  normal  state,  known  as 
symptoms,  may  be  conveniently  divided  into  groups  :■ — 1 .  Symptoms 
referable  to  the  respiratory  system.  2.  Disorders  of  the  circu- 
lation :  condition  of  the  heart  and  arteries.  3.  ISTervous  system : 
dilatation  or  contraction  of  the  pupils,  paralysis  or  convulsions,  &c.. 
4.  Effects  on  the  muscular  system.  5.  Temperature.  6.  Disorders 
of  the  digestive  tract :  vomiting,  diarrhoea. 

1.  Respiration. — The  number  of  respirations  per  minute  is 
for  the  most  part  readily  obtained  by  simple  observation  of  the 
walls  of  the  chest  or  of  the  nostrils  of  most  animals.  To  observe 
the  respirations  of  the  frog,  it  is  placed  on  its  back,  then  the 
skin  below  the  epi-sternal  cartilage  is  seen  to  rise  and  fall  at 
intervals,  in  health,  of  from  one  to  two  seconds. 

There  are  instruments  by  which  the  movements  of  the  chest 
can  be  recorded  upon  a  revolving  cylinder,  and  in  investigating 
new  poisons,  such  methods  are  preferable  and  far  more  accurate 
than  any  other.  The  respiration  of  poisoned  animals  may  be 
slow,  quick,  shallow,  gasping,  intermittent,  or  spasmodic. 
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heSt?      •  '^P°'*r^  *°  respiration  and  the 

hearts  action  are  both  extinguished  simultaneously,  or  nearly 
so,  or  whether  the  heart  goes  on  beating  after  the  respiration 

has  ceased;  and,  further,  whether  (as  in 
many  cases)  life  can  be  maintained  by 
artificial  respiration. 

If  artificial  respiration  is  only  required 
for  a  limited  time,  it  is  easily  effected  by 
introducing  into  the  trachea  of  the  animal 
a  tracheal  canula,  attached  to  which  should 
be  the  india-rubber  tube  connected  with 
the  common  blower  and  expanding  regu- 
lator found  in  almost  all  laboratories,  and 
used  for  the  purposes  of  the  gas  blow- 
pipe :  if  artificial  respiration,  however,  is 
required  for  any  length  of  time,  then  an 
automatic  apparatus  is  in  every  respect 
more  convenient.   One  of  the  best  self- 
acting  mechanisms  is  formed  by  a  Spren- 
gel's  blow-pipe  and  an  electrical  appa- 
ratus for  permitting  the  air  to  go  in 
regular  waves.    A  long  tube  (see  fig.  1) 
having  a  side  branch,  F,  is  attached,  on 
the  one  hand,  to  the  water  supply,  and, 
on  the  other,  is  inserted  by  means  of  a 
caoutchouc  cork  into  a  bottle,  B,  containing 
some  water,  the  tube.  A,  dipping  beneath 
the  surface  of  the  water.    The  cork  is 
doubly  perforated,  and  in  the  second  per- 
foration there  is  a  tube,  X,  bent  at  right 
angles  to  deliver  the  air.    A  current  of 
water  passing  down  A,  sucks  air  in  by 
F;  the  air  is  compressed  in  the  bottle, 
and  escapes  by  the  right-angled  tube,  X, 
in  a  continuous  stream ;  by  suitable  regu- 
lations of  the  taps,  and  especially  of  the 
clip,  0,  the  same  quantity  of  water  is 
allowed  to  escape  as  that  which  enters 
the  bottle,  and  thus  a  constant  level  is 
maintained.    The  current  of  air  is  broken 
in  the  following  way  (see  fig.  2).  F  is  a  flat 
india-rubber  bag,  which  is  connected  to  the 
right-angled  tube,  X,  of  fig.  1  by  a  flexible 
tube  b';  on  b'  is  a  weight  closing  it,  but 


Fig.  1. 


lifted  off  each  time  the  current  passes  througlfan  electr(>magnet, 
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falling  when  the  current  is  broken;  the  interruption  of  the 
current  is  eflfected  by  a  mercurial  breaker,  consisting  of  a  U  tube,  c, 
containing  mercury  in  the  bend  and  resting  on  the  bag,  being 
in  a  vertical  position  beneath  the  arch  of  a  little  wooden  bridge. 
The  bridge  supports  two  wires,  d,  d,  insulated  from  one  another; 
each  wire  is  received  into  a  limb  of  the  II  tube,  and  in  this  way, 
if  the  bag  expands,  the  mercury  touches  the  wires,  and  instantly 


Fig.  2. 


the  magnet  lifts  off  the  weight,  and  the  air  streams  into  the 
animal's  lungs ;  the  caoutchouc  bag  collapsing,  the  contact  of 
wire  and  mercury  is  broken,  and  the  weight  falls,  which,  occlud- 
ing the  tube,  permits  distension  of  the  bag  to  again  occur. 
When  properly  adjusted,  the  machine  requires  very  little  atten- 
tion. 

2.  Circulation. — Poisons  often  cause  changes  in  the  calibre 
of  the  ^  smaller  arteries,  and  such  changes  may  be  seen  by 
examining  the  suitably  prepared  omentum  of  the  living  guinea- 
pig,  or  in  the  retinal  vessels  of  man  or  of  the  larger  animals. 
A  still  more  convenient  source  of  information  is  the  web  of  the 
frog's  foot,  although  this  is  suitable  for  viewing  capillary  vessels 
rather  than  small  arteries.  The  heart  itself  is,  however,  the 
most  important  organ  to  which  the  toxicologist  directs  his 
attention,  more  especially  as  a  large  class  of  poisons  (of  which 
digitalin  is  the  type)  appear  to  act  primarily  on  the  heart,  and 
are  hence  called  "heart  poisons."  The  mere  movements  of  the 
heart,  the  number  and  regularity  or  irregularity  of  its  pulsations, 
as  well  as  its  force,  can  be  with  considerable  ease  ascertained  • 
by  inspection  and  palpation  in  most  animals ;  but  in  order  to 
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obtain  precise  information  as  to  whether  a  given  extract  or 
poison  acts  specifically  on  the  heart,  it  is  necessary  to  expose 
the  organ  in  such  a  manner  that  the  details  of  its  action  can  be 
observed  by  the  aid  of  appliances,  such  as  levers,  kymographs,  &c. 
For  observations  on  the  heart,  that  of  the  frog  is  most  suitable, 
for  it  may  be  even  removed  from  the  body  and  solutions  applied 
to  its  substance. 

In  removing  the  heart  of  a  frog,  the  animal  is  first  pithed  to 
destroy  all  sensibility;  the  heart  is  then  excised  and  placed  in  a 
watch-glass  containing  either  serum  or  a  solution  of  common 
salt,  strength  -75  per  cent.  Under  these  conditions  the  heart  will 
go  on  beating  for  many  hours,  and  if  extracts  or  solutions 
containing  poisonous  matters  be  applied  to  its  substance, 
changes  will  occur  in  the  strength,  number,  or  regularity  of 
the  pulsations.  Thus,  digitalin  and  the  digitalin  class  may  be 
studied  and  detected,  and  the  antagonism  of  certain  poisons  may 
be  demonstrated — e.g.,  a  drop  of  a  solution  of  muscarine  placed 
on  the  excised  heart  of  the  frog  causes  the  pulsations  to  stop 
suddenly  ;  but  if  to  the  heart  thus  stilled  a  drop  of  atropine  is 
added,  the  beats  recommence.  Dr.  Brunton  observed  this  phe- 
nomenon after  a  frog's  heart  had  ceased  to  beat  for  four  hours. 
The  unassisted  eye  will  miss  many  of  the  peculiarities  of  the 
beats  of  the  excised  heart,  and  it  is  usual  to  make  the  contractions 
more  evident  by  mechanical  appliances. 

A  very  simple  form  of  lever,  which  can  be  made  by  any  one, 
has  been  suggested  by  Dr.  Brunton.*  On  a  plate  of  glass,  3-4 
inches  long  and  2  wide,  is  cemented  a  square  piece  of  cork,  the 
cork  projecting  half-an-inch  beyond  the  plate.  A  little  piece  of 
light  wood,  3  inches  long,  a  quarter  of  an  inch  broad,  and  one- 
eighth  of  an  inch  thick,  forms  a  lever,  and  works  on  a  pin  thrust 
through  the  lever  into  the  cork.  The  lever  is  prolonged  by  a  fine 
bonnet-straw,  and  carries  a  brush  dipped  in  ink  or  other  marking 
pencil ;  it  can  be  fixed  on  to  the  lever  by  sealing-wax.  By 
suitably  weighting  the  lever,  it  can  be  made  to  move  by  the 
slightest  impulse.  The  thick  end  of  the  lever  is  placed  on  the 
isolated  heart,  and  if  the  pencil  impinges  upon  a  revolving 
cylinder,  a  graphic  representation  of  the  heart's  action  is  ob- 
tained. 

Arterial  Pressure. — No  scientific  investigation  of  the  action 
of  poisons  is  complete  without  determinations  of  the  arterial 
pressure.    The  simplest  method  of  doing  this  is  to  connect  an 

*  "A  Simple  Method  of  Demonstrating  the  Effect  of  Heat  and  Poisons 
upon  the  Heart  of  a  Frog."  By  T.  L.  Brunton,  M.D,,  F.R.S.— /o«m. 
Anatom,  and  Physiol.,  vol.  x.,  p.  603. 
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artery  with  a  mercurial  manometer,  which,  in  its  most  primitive 
form,  consists  of  a  U  tube  containing  mercury.  The  pressure 
causes  the  fluid  metal  to  be  depressed  in  one  limb,  and  to  be  ele- 
vated in  the  other ;  and  if,  on  the  surface  of  the  metal  in  the 
latter  limb,  a  float,  with  a  long  stem  carrying  a  pencil,  is  placed 
on  a  short  limb  at  right  angles,  the  movements  of  the  variations 
of  pressure  admit  of  graphic  representation  on  a  cylinder  moved 
by  clock-work. 

The  arteries  selected  for  the  determination  of  pressure  are  nearly 
always  the  carotid  or  the  crural.  The  steps  to  expose  these 
arteries,  in  operating  with  a  rabbit,  may  be  briefly  detailed.  The 
animal  is  most  conveniently  secured  on  an  ingenious  support  known 
as  Ozermac's  Rabbit-Holder,  (see  fig.  3.);  this  consists  of  a  stout 


Fig.  3. 

board,  B,  8  inches  wide"  by  30  inches  long.  At  one  end  there  is  an 
upright,  b,  on  which  a  horizontal  rod,  carrying  a  peculiar  sort  of 
forceps,  /,  slides  up  and  down,  and  between  the  blades  of  this 
apparatus  the  head  of  a  rabbit,  or  other  animal  similar  in  size, 
can  be  held  without  injuring  it.  Along  the  edges  of  the  board 
are  convenient  attachments  for  the  extremities.  In  the  absence 
of  Ozermac's  apparatus,  a  deal  board,  into  which  brass-headed 
nails  can  be  driven,  will  answer  the  purpose.  The  four  legs,  the 
body,  and  the  head  can  be  thus  secured  by  means  of  tapes, 
the  latter  being  attached  to  the  nails.  To  expose  the  carotid 
it  is  essential  that  the  head  should  be  well  bent  back,  so  as  to 
fully  bare  the  throat,  and  it  will  be  found  convenient  for  this 
purpose  to  utilise  the  rodent  teeth  of  the  upper  jaw  by  attaching 
a  ligature  to  the  upper  jaw,  using  the  teeth  as  a  point  of  attach- 
ment.   The  fur  on  the  neck  having  now  been  cut  very  short, 


46 


POISONS  :    THEIR  EFFECTS  AND  DETECTION. 


[§26. 


<J7Mr 


the  skin  just  over  the  edge  of  the  trachea  is  raised  so  as  to  make 
a  horizontal  fold,  and  an  incision  is  made,  vertical  in  direction. 
When  bleeding  has  ceased,  the  wound  through  the  skin  is  cleansed 
by  means  of  a  sponge  dipped  in  a  little  solution  of  salt.  Next, 
with  a  blunt  pair  of  forceps,  the  fascia,  which  stretches  from  the 
sterno-mastoid  muscle  to  the  middle  line,  is  pinched  up,  and 

carefully  divided  with  a  knife  or  a 
pair  of  scissors.  The  opening  may  be 
enlarged  by  a  pair  of  forceps.  On 
drawing  the  sternomastoid  muscle 
aside,  the  artery  and  the  nerves  ac- 
companying it  will  come  into  view 
(see  fig.  4).  The  sheath  of  the  artery 
is  opened  carefully,  the  artery  caught 
up  on  a  blunt  hook,  and  the  tube 
cleared  for  three-quarters  of  an  inch 
in  either  direction.  A  ligature  is  now 
passed  round  the  artery,  and  tied.  On 
the  heart  side  of  this  ligature,  a  slip  of 
wood  or  cardboard  is  passed  under- 
neath the  artery,  and  another  ligature 
applied,  but  quite  loosely.  A  little 
clip  is  now  made  to  occlude  the  artery 
on  the  cardiac  side  of  the  piece  of 
wood,  and  with  a  pair  of  scissors  a 
V-shaped  cut  is  made ;  into  this  cut 
a  glass  arterial  canula*  is  inserted, 
and  the  loose  ligature  slipped  over  it 
and  tied  securely. 

The  preparation  of  the  crural  artery 
is  as  follows :  a  fold  of  skin  in  the 
inner  surface  of  the  thigh,  almost 
exactly  in  the  centre  of  Poupart's 
ligament,  is  pinched  up  and  divided ; 
the  pulsation  of  the  artery  is  readily 
felt  by  applying  the  finger  in  the 
hollow  between  the  adductor  muscles 
and  those  which  cover  the  femur. 
The  sheath  of  the  vessels  having  been  exposed,  the  crural  nerve, 
the  crural  vein,  and  the  artery,  will  be  seen  occupying  the 
relative  positions  shown  in  the  drawing  (fig.  5.) 

*  The  arterial  canula  is  a  T-shaped  tube  of  glass,  one  arm  of  which,  that, 
namely,  to  be  inserted  into  the  artery,  is  drawn  out  and  bevelled.  A  second 
arm  is  connected  with  the  manometer ;  the  third  is  furnished  ^vitll  a  little 
caoutchouc  tube  and  closed  by  a  clip. 


Fig.  4. 

Carotid  artery  of  rabbit  and 
parts  in  relation  with  it.  c, 
carotid;  s/t,  stylohyoid  muscle: 

h,  hypoglossal  nerve ;  s,  sym- 
pathetic ;    V,    vagus    nerve ; 

i,  points  to  superior  laryngeal 
nerve,  where  it  passes  behind 
the  carotid,  close  to  its  origin 
from  the  vagus ;  pharyngeal 
artery ;  sm,  edge  of  sterno- 
mastoid muscle;  111,  thyroid 
artery ;  sth,  sterno-hyoid 
muscle;  I,  laryngeal  artery — 
the  nerve  which  crosses  it  is 
the  descendens  noni. 


§26.] 


LIFE-TESTS. 


47 


Whatever  artery  is  opened,  and  connected  with  the  canula, 
the  next  step  is  to  connect  it  with  the  manometer.  The  arterial 
canula,  as  stated  in  the  footnote,  is  a  T-shaped  glass  tube.  The 
bevelled  end  is  tied  in  the  artery ;  another  limb  is  connected 
with  a  bottle  containing  a  solution  of  bicarbonate  of  soda  by 
means  of  a  long  flexible  tube  guarded  by  a  clip.  The  third  leg 
or  arm  of  the  tube  is  to  be  connected  with  the  manometer.  The 
first  step  is  to  fiU  the  tubes  with  bicarbonate  of  soda  solution, 
and  thus  expel  all  air ;  this  is  effected  by  opening  the  clip 
communicating  with  the  "pressure  bottle"  of  alkaline  solution 
for  a  moment.  When  this  has  been  done,  and  the  tubes  are  filled 
with  Hquid,  the  free  arm  is  connected  with  the  manometer  by 
means  of  a  caoutchouc  and  a  lead  tube,  the  caoutchouc  being  used 


[Fig.  5.  . 
crural  artery ;  Vc,  crural  vein ;  Nc,  crural  nerve, 

for  connections  only,  because  its  elasticity  interfered  a  little  with 
the  experiment.  All  is  now  ready,  and  the  clip  which  has  com- 
pressed the  artery  may  be  removed;  the  mercurial  column  at  once 
begins  to  oscillate,  but  no  record  should  be  taken  for  the  first  few 
seconds.  After  one  or  two  minutes,  a  poison  may  be  introduced 
by  subcutaneous  injection,  and  the  effect  watched 

Much  may  be  learnt  by  the  aid  of  the  simple  recording 
cylinder,  or  even  by  a  graduated  manometer,  and^  the  readinf 
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of  the  number  of  millimetres  through  which  the  mercury  rises 
sind  falls.  It  is,  however,  far  preferable  in  experiments  of  this 
kind  to  obtain  a  graphic  representation  both  of  the  respiration 


and  pressure  simultaneously.  A  very  good  form  of  instrument 
by  which  this  may  be  effected  is  described  by  Dr.  Burdon 
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Sanderson*  (see  fig.  6).  The  mercurial  manometer  consists  of  two 
limbs  of  equal  length,  one  of  which,  the  distal  end.  A,  is  near 
the  top  much  wider  than  the  other,  the  relation  between  the 
lumen  of  the  one  and  that  of  the  other  being  as  1  :  10.  The 
float  which  rests  on  the  distal  column  is  of  box-wood;  its 
under  surface  is  concave,  so  as  to  fit  the  convex  surface  of  the 
mercury;  by  the  vertical  rod  it  is  connected  with  the  light 
lever,  D,  about  two  feet  in  length,  which  is  counterpoised  by  a 
weight  suspended  to  it  on  the  other  side  of  the  brass  bearing,  E. 
At  this  thin  end,  the  lever  carries  a  pin,  the  distance  of  which 
from  D  is  such  that,  for  every  inch  of  variation  of  difference 
between  the  two  columns  of  the  manometer,  it  rises  or  falls 
three-tenths  of  an  inch.  It  will  be  readily  understood  that  the 
movement  of  the  pin,  instead  of  being  rectilinear,  is  circular; 
consequently,  it  is  vertical  only  when  the  lever  is  horizontal :  for 
which  reason  the  fulcrum,  E,  which  is  so  constructed  as  to  slide 
up  and  down  on  the  brass  uprights,  must  always  be  placed  in 
such  a  position  that  the  lever  is  horizontal. 

The  height  of  the  mercurial  column  corresponds  to  the  average 
arterial  pressure.  That  part  of  the  instrument  which  is  intended 
for  recording  the  respiratory  movements  consists  of  a  Marey's 
tympanum,  0,  and  a  lever,  F,  similar  to  D  and  of  the  same  length, 
with  which  it  is  connected.  The  tube,  H,  of  the  tympanum  must 
be  either  brought  into  communication  with  one  arm  of  a  glass, 
T,  tube,  the  stem  of  which  is  inserted  into  the  trachea,  or  with 
a  stethometer  applied  to  the  chest.  The  lever  of  the  tympanum 
is  connected  with  the  recording  lever  as  shown  in  the  figure. 
In  this  way  two  tracings,  the  one  of  the  respiration,  the  other 
of  the  arterial  pressure,  are  obtained  simultaneously. 

3.  Nervous  System. — Contraction  or  dilatation  of  the  pupils, 
disordered  movements,  convulsions,  paralysis,  tetanic  spasms, 
and  similar  symptoms  referable  to  the  nervous  system,  are 
evident  enough,  and  seen  without  mechanical  aids ;  but  there 
are  questions  to  be  solved  that  entail  delicate  manipulation  and 
require  the  assistance  of  instruments  of  precision; — e.g.,  in  poisons 
like  urari,  which  paralyse  the  muscular  system,  the  question  to 
be  solved  is  whether  the  muscular  irritability  is  destroyed  or 
the  function  of  the  nerves  suspended.  To  ascertain  this,  a  frocr  ■ 
under  the  full  influence  of  urari  (that  is,  with  all  the  voluntary 
muscles  paralysed,  but  with  the  heart  still  beating),  should  be 
taken,  and  the  sciatic  nerve  exposed  in  the  thigh;  a  pair  of 
electrodes,  resting  on  a  thin  sheet  of  india-rubber,  in  order  to 
prevent  the  current  passing  into  the  neighbouring  muscles,  is 

*  "  Handbook  of  the  Physiological  Laboratory,"  p.  315.    Loudou,  1873. 
Ihe  illuatration  has  beeu  taken  from  the  same  work. 
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Slipped  under  the  nerve.  On  now  sending  an  interrupted  current, 
through  the  nerve,  no  contraction  of  the  muscles  of  the  leg  takes 
place.  Un  the  other  hand,  when  the  muscles  themselves  are 
stimulated  they  contract;  so  it  becomes  evident  that  this  par- 
ticular poison  suspends  the  function  of  the  nerves,  and  does  not 
destroy  the  muscular  irritability.  To  find  out  whether  a  poison 
like  urari  acts  on  the  ends  of  the  nerves,  or  on  the  trunk,  the 
lollowmg  experiment  can  be  made.  The  gastrocnemius  muscle 
ot  a  Irog  is  dissected  out,  and  its  blood-vessels  ligatured;  then 
the  origin  and  insertion  of  the  muscles  are  divided,  and  it  is 
lelt  attached  to  the  body  only  by  the  nerve.  On  now  poisonino- 
with .  urari,  it  is  found  that  a  stimulus  applied  to  the  nerve 
causes  contraction  of  the  muscle,  though  all  the  other  nerves  of 
the  body  have  lost  their  irritability.  The  presumption,  then,  is 
that  urari  acts  only  on  the  ends  of  the  nerves. 

Troubles  of  the  sensorium,  noises  in  the  ears,  flashes  of  light 
before  the  eyes,  and  disturbances  of  taste,  are  matters  which 
can  be  only  imperfectly  investigated  by  experiments  on  the 
lower  animals,  and  what  we  know  of  these  symptoms  is  for  the 
most  part  derived  from  observations  on  man ;  so,  also,  delicate 
variations  in  the  sense  of  touch  can  only  be  properly  ascer- 
tained by  observations  on  man,  but  complete  or  partial  loss 
of  sensation  can,  of  course,  be  readily  determined  by  the  applica- 
tion of  stimuli  to  the  extremities  or  skin  of  animals. 

4.  Muscular  System. — The  effect  of  poisons 
on  muscle  may  often  be  conveniently  studied 
by  making  what  physiologists  call  a  "nerve 
muscle  preparation"  (see  fig.  7).  This  is 
done  by  carefully  dissecting  out  the  gastro- 
cnemius of  the  frog  with  the  sciatic  nerves,  S, 
dividing  the  latter  close  up  to  the  spinal 
cord,  and  placing  the  muscle  thus  detached 
under  a  glass  shade,  or  under  any  conditions 
by  which  it  can  be  bathed  in  an  atmos- 
phere saturated  with  aqueous  vapour.  By 
attaching  the  end  of  the  femur,  F,  to  a  fixed 
support,  and  the  tendo-achilles,  I,  to  a  lever 
which  may  be  weighted  variously,  and  pass- 
ing a  current,  both  the  force  and  duration  of 
^'g-  7.  the  muscular  contraction  may  be  ascertained 

and  graphically  recorded  on  a  revolving 
cylinder.  It  is  still  more  instructive  to  determine  the  tracing  of 
the  gastrocnemius  of  a  living  frog  by  first  dividing  the  sciatic 
nerve,  and  then  exposing  the  muscle,  without  severing  its  blood- 
supply  from  that  of  the  rest  of  the  body.  Having  obtained  a  normal 
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tracing  on  the  recording  cylinder,  the  poison  is  injected  under- 
neath the  skin  on  the  frog's  back,  and  it  is  noted  whether  the 
contractions  are  prolonged  or  shortened,  weakened  or  strengthened. 

The  broad  fact  that  a  poison  prolongs  or  retards,  weakens  or 
excites,  muscular  contraction  can  be  ascertained  by  very  simple 
means  on  the  principles  above  detailed ;  but  more  elaborate 
researches  (and  especially  those  of  a  comparative  nature)  require 
apparatus  of  delicacy  and  costliness. 

5.  Temperature. — ^The  temperature  of  mammals  alone  is  of 
importance,  as  giving  a  clue  to  the  action  of  a  poison.  The  little 
clinical  thermometers  used  by  physicians  answer  every  purpose. 
The  temperature  is  best  taken  in  the  rectum,  and  that  as  fre- 
quently as  possible.  The  results  admit  of  graphical  representation 
on  the  usual  principles. 

6.  Disorders  of  the  Digestive  Tract,  die. — Affections  of  the  diges- 
tive tract — e.g.,  loss  of  appetite,  vomiting,  and  diarrhoea — will  be 
noticed  as  common  effects  of  all  irritant  poisons. 

§  27.  Cultivation  of  Bacilli,  &c. — In  cases  in  which  there  is 
reasonable  ground  for  supposing  that  a  person  is  poisoned  by  a 
zymotic  contagion,  as,  for  example,  in  cases  of  illness  after  eating 
the  meat  of  animals  dying  from  anthrax  or  kindred  maladies, 
it  may  be  necessary  to  "  cultivate  "  extracts  of  the  meat  eaten, 
or  the  blood  of  the  person  who  has  suffered,  and  make  experi- 
ments on  animals  with  the  products  of  the  cultivation.  The 
apparatus  for  "  cultivation  "  may  be  of  a  very  simple  character, 
the  chief  condition  being  some  arrangement  which  will  give  a 
uniform  temperature.    A  water-bath,  formed  by  placing  a  large 
beaker  in  a  small  one,  and  filling  each  nearly  full  of  water, 
makes  a  good   incubator,  and,  if  fitted   with  a  Page's  gas- 
regulator  is  capable  of  doing  useful  work.    Page's  gas-regulator* 
is  essentially  a  large  thermometer,  which  may  be  so  arranged 
that,  when  the  temperature  rises  to  a  certain  point,  the  mercury 
shuts  off  or  diminishes  the  gas  supply.     I  find  that  by  its 
means  a  water-bath  or  incubator  can  be  kept  for  weeks  together 
without  varying  more  than  a  degree.     Cultivations  may  be 
carried  on  in  test-tubes  or  little  microscope  cells.     The  best 
medium  for  the  particular  purpose  in  view  is  pure  white  of 
egg,  though,  in  certain  cases,  it  may  be  convenient  to  use 
milk,  and  in  others  blood,  f 

HolSn  "'^y      obtained  from  Messrs.  Cetti,  Brook  Street, 

t  For  anthrax  bacillus,  and  indeed  for  many  others,  Dr  Klein's  "sela 
i^r^t^"  0"  Koch's  plan,  is  admirable.    Very  complete  directions 

iL^i  p°  '''l'^  sterilising  the  gelatme  pork,  &c.,  may  b'e  found  in  the 
Annual  Report  of  the  Local  Government  Board,  Sunnlement  containing 
Report  of  the  Medical  Officer  for  1881,  p.  172.        '='"PPiement,  contaimng 
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Single  drops  of  the  liquid  to  be  cultivated  are  added  to  the 
nourishing  fluid,  and  the  temperature  maintained  at  blood-heat 
(36-7°)  for  one,  two,  or  more  days,  the  liquid  from  time  to  time 
being  examined  microscopically,  and  portions  of  it  injected  into 
small  animals  such  as  mice,  and  the  effects  noted. 


YI.— GENERAL  METHOD  OF  PROOEDURE  IN 
SEARCHING  FOR  POISON. 

§  28.  Mineral  substances,  or  liquids  containing  only  inorganic 
matters,  can  cause  no  possible  difficulty  to  any  one  who  is 
practised  in  analytical  investigation ;  but  the  substances  which 
exercise  the  skill  of  the  expert  are  organic  fluids  or  solids. 

The  first  thing  to  be  done  is  to  note  accurately  the  manner  in 
which  the  samples  have  been  packed,  whether  the  seals  have 
been  tampered  with,  whether  the  vessels  or  wrappers  themselves 
are  likely  to  have  contamin9,ted  the  articles  sent ;  and  then  to 
make  a  very  careful  observation  of  the  appearance,  smell,  colour, 
and  reaction  of  the  matters,  not  forgetting  to  take  the  weight, 
if  solid — the  volume,  if  liquid.  All  these  are  obvious  precau- 
tions, requiring  no  particular  directions. 

If  the  object  of  research  is  the  stomach  and  its  contents,  the 
contents  should  be  carefully  transferred  to  a  tall  conical  glass ; 
the  organ  cut  open,  spread  out  on  a  sheet  of  glass,  and  ex- 
amined minutely  by  a  lens,  picking  out  any  suspicious-looking 
substance  for  closer  observation.  The  mucous  membrane  should 
now  be  well  cleansed  by  the  aid  of  a  wash-bottle,  and  if  there  is 
any  necessity  for  destroying  the  stomach,  it  may  be  essential  in 
important  cases  to  have  it  photographed.  The  washings  having 
been  added  to  the  contents  of  the  stomach,  the  sediment  is 
separated  and  submitted  to  inspection,  for  it  must  be  remem- 
bered that,  irrespective  of  the  discovery  of  poison,  a  knowledge 
of  the  nature  of  the  food  last  eaten  by  the  deceased  may  be  of 
extreme  value. 

If  the  death  has  really  taken  place  from  disease,  and  not  from 
poison,  or  if  it  has  been  caused  by  poison,  and  yet  no  definite 
hint  of  the  particular  poison  can  be  obtained  either  by  the 
symptoms  or  by  the  attendant  circumstances,  the  analyst  has 
the  difficult  task  of  endeavouring  to  initiate  a  process  of  analysis 
which  will  be  likely  to  discover  any  poison  in  the  animal, 
vegetable,  or  mineral  kingdom.  For  this  purpose  I  have  devised 
the  following  process,  which  diff"ers  from  those  that  have 
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operations  m  a  high  vacuum,  and  the  uti  isation  of  biological 
experiment  as  a  matter  of  routine.  Taking  one  of  the  most 
difficult  cases  that  can  occur-viz.,  one  m  which  a  small  quan- 
tity only  of  an  organic  solid  or  fluid  is  available— the  best 
method  of  procedure  is  the  following :—      .     ,     .  .  „ 

A  small  portion  is  reserved  and  examined  microscopically, 
and  if  thought  desirable,  submitted  to  various  "  cultivation 
experiments  in  the  manner  described  (p.  51).  The  greater  por- 
tion is  at  once  examined  for  volatile  matters,  and  having  been 
placed  in  a  strong  flask,  and, 
if  neutral  or  alkaline,  feebly 
acidulated  with  tartaric  acid, 
connected  with  a  second  or 
receiving-flask  by  glass  tubing 
and  caoutchouc  corks.  The 
caoutchouc  cork  of  the  receiv- 
ing-flask has  a  double  perfora- 
tion, so  as  to  be  able,  by  a 
second  bit  of  angle  tubing,  to 
be  connected  with  the  mer- 
cury pump  described  in  vol.  i., 
"Foods,"  p.  70,  the  figure  of 
which  is  here  repeated  (see 
fig.  8).  A  vacuum  having  been 
obtained,  and  the  receiving- 
flask  surrounded  with  ice,  a 
distillate  for  preliminary  test- 
ing may  be  generally  got  with- 
out the  action  of  any  external 
heat ;  but  if  this  is  too  slow, 
the  flask  containing  the  sub- 
stances or  liquid  under  exami- 
nation may  be  gently  heated 
by  a  water-bath — water,  vola- 
tile oils,  a  variety  of  volatile 
substances,  such  as  prussic  acid, 
hydrochloric  acid,  phosphorus, 
&c.,  if  present,  will  distil  over.  It  will  be  well  to  free  in  this 
way  the  substance,  as  much  as  possible,  from  volatile  matters 
and  water.  When  no  more  will  come  over,  the  distillate  may 
be  carefully  examined  by  redistillation  and  the  various  appro- 
priate tests. 

The  next  step  is  to  dry  the  sample  thoroughly.  This  is  best 
effected  also  in  a  vacuum  by  the  use  of  the  same  apparatus,  only 
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receiving-flask 


is  to  be  half  filled  with 


IS 

i.. 


this  time  the 

nasji,  and  cooling  the  sulphuric  acid  receiver   even  such  snh 

is  fe7iZ^V^"Z"""^'"'  ""^'^^''^  f  '''^'^y  dry  friable  mass,  it 
ethpWT?      .     .  Pr^'""'         extracted  with  petroleum 

ether;  the  extraction  may  be  eff-ected  either  in  a  special  apparatS 

my  Ether  recovery  apparatus  "  (see  fig.  9),  which  is  adapted  to 
an  upright  condenser.  The  petroleum  extract 
IS  evaporated  and  leaves  the  fatty  matter, 
possibly  contaminated  by  traces  of  any  alka- 
loid which  the  substance  may  have  contained  • 
for,  although  most  alkaloids  are  insoluble  in 
petroleum  ether,  yet  they  are  taken  up  in 
small  quantities  by  oils  and  fats,  and  are 
extracted  with  the  fat  by  petroleum  ether. 
It  IS  hence  necessary  always  to  examine  the 
petroleum  extract  by  shaking  it  up  with 
water,  slightly  acidulated  with  sulphuric  acid, 
which_  will  extract  from  the  fat  any  trace  of 
alkaloid,  and  will  permit  the  discovery  of  such 
alkaloids  by  the  ordinary  "group  re-agents." 

The  substance  now  being  freed  for  the  most 
part  from  water  and  from  fat,  is  digested  in 
the  cold  with  absolute  alcohol  for  some  hours  ; 
the  alcohol  is  filtered  ofl',  and  allowed  to 
evaporate  spontaneously,  or,  if  speed  is  an 
,      ,  object,  it  may  be  distilled  in  vacuo.  The 

treatment  is  next  with  hot  alcohol  of  90  per  cent.,  and,  after 
filtering,  the  dry  residue  is  exhausted  with  ether.  The  ether 
and  alcohol,  having  been  driven  ofi",  leave  extracts  which  may 
be  dissolved  in  water  and  tested,  both  chemically  and  biologi- 
cally, for  alkaloids,  glucosides,  and  organic  acids.  It  must  also 
be  remembered  that  there  are  a  few  metallic  compounds  (as, 
for  example,  corrosive  sublimate)  which  are  soluble  in  alcohol 
and  ethereal  solvents,  and  must  not  be  overlooked. 

The  residue,  after  being  thus  acted  upon  successively  by 
petroleum,  by  alcohol,  and  by  ether,  is  both  water-free  and 
fat-free,  and  also  devoid  of  all  organic  poisonous  bases  and 
principles,  and  it  only  remains  to  treat  it  for  metals.  For  this 
purpose,  it  is  placed  in  a  retort,  and  distilled  once  or  twice  to 
dryness  with  a  known  quantity  of  strong,  pure  hydrochloric 
acid. 


Fig.  9. 

This  figure 
from  p.  70,  vol, 
"Foods."  B  is  a 
bell-jar,  which  can 
be  adapted  by  a 
cork  to  a  condenser ; 
E,  is  made  of  iron  ; 
the  rim  of  the  bell- 
jar  is  immersed  in 
mercury,  which  the 
deep  groove  re- 
ceives. 
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If  arsenic,  in  the  form  of  arsenious  acid,  were  present,  it  would 
distil  over  as  a  trichloride,  and  be  detected  in  the  distillate ;  by 
raising  the  heat,  the  organic  matter  is  carbonised,  and  mpst  ot  it 
<iestroyed.  The  distillate  is  saturated  with  hydric  sulphide,  and 
any  precipitate  separated  and  examined.  The  residue  m  the 
retort  will  contain  the  fixed  metals,  such  as  zmc,  copper,  lead, 
&c.  It  is  treated  with  dilute  hydrochloric  acid,  filtered,  the 
filtrate  saturated  with  SH,  and  any  precipitate  collected.  The 
filtrate  is  now  treated  with  sufficient  sodic  acetate  to  replace  the 
hydric  chloride,  again  saturated  with  SHg  and  any  precipitate 
collected  and  tested  for  zinc,  nickel,  and  cobalt.  By  this  treat- 
ment, viz. : — 


1.  Distillation  in  a  vacuum  at  a  low  temperature, 

2.  Collecting  the  volatile  products, 

3.  Dehydrating  the  organic  substances, 

4.  Dissolving  out  from  the  dry  mass  fatty  matters  and  alkaloids, 
glucosides,  &c.,  by  ethereal  and  alcoholic  solvents, 

5.  Destroying  organic  matter  and  searching  for  metals, 

— a  very  fair  and  complete  analysis  may  be  made  from  a  small 
amount  of  material.  The  process  is,  however,  somewhat  faulty 
in  reference  to  phosphorus,  and  also  to  oxalic  acid  and  the 
oxalates ;  these  poisons,  if  suspected,  should  be  specially  searched 
for  in  the  manner  to  be  more  particularly  described  in  the  sections 
treating  of  them.  In  most  cases,  there  is  sufficient  material  to 
allow  of  division  into  three  parts — one  for  organic  poisons 
^generally,  one  for  inorganic,  and  a  third  for  reserve  in  case  of 
accident.  When  such  is  the  case,  although,  for  organic  principles, 
the  process  of  vacuum  distillation  just  described  still  holds  good, 
it  will  be  very  much  the  most  convenient  way  not  to  use  that 
portion  for  metals,  but  to  operate  on  the  portion  reserved  for  the 
inorganic  poisons  as  follows  by  destruction  of  the  organic  matter. 

The  destruction  of  organic  matter  through  simple  distillation 
by  means  of  pure  hydrochloric  acid,  is  at  least  equal  to  that  by 
sulphuric  acid,  chlorate  of  potash,  and  the  carbonisation  methods. 
The  object  of  the  chemist  not  being  to  dissolve  every  fragment 
of  cellular  tissue,  muscle,  and  tendon,  but  simply  all  mineral 
ingredients,  the  less  organic  matter  which  goes  into  solution  the 
better.  That  hydrochloric  acid  would  fail  to  dissolve  sulphate 
of  baryta  and  sulphate  of  lead,  and  that  sulphide  of  arsenic  is 
also  almost  insoluble  in  the  acid,  is  no  objection  to  the  process 
recommended,  for  it  is  always  open  to  the  analyst  to  treat  the 
residue  specially  for  these  substances.  The  sulphides  precipitated 
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tin^^dtiu?S         T.'"^  are-arsenic,  antimony, 

not  prtTS.H  ^'"""^y'  ^°PP^^'  Those 

ifa  ru^  manganese,  zinc,  nickel,  and  cobalt.  • 

be  a  sulpMe  ?t  ''''     P^'^^^'^  if  ^^^^e  should 

metal  ^      '  ^^^^""^  ^^^^  exceptionally  to  more  than  one 

yelWis'h  r  bfack '  ^Tb'P'^l'  from  hydric  sulphide  is  either 
suChur  .iZ>,S!r"f  The  yellow  and  orange  precipitates  are 
Zr.Z'  '"^P^il"'  «f  ^^f  antimony,  tin,  and  cadmium.  In 
hues  bit         ?7  ""^^  distinguished  by  their  different 

the  ^nt,*  t  solutions  contaminated  by  a  little  organic  matter 
of  a  distinctive.    The  sulphide  of  arsenic  is 

.hnn?H  ^  ^       .rl''"'^  and  If  the  very  improbable  circumstance 
t  liappen  that  arsenic,  antimony,  and  cadmium  occur  in  the 

«rmnt  ^  it  '^^P^? '  ^f  ^"'^^^^  ^«  fi^'st  separated  by 
IpTSr  'T^  the  su  phide  of  antimony  by  sulphide  of  sodium, 
leaving  cadmic  sulphide  insoluble  in  both  processes. 

Ihe  black  precipitates  are-lead,  bismuth,  mercury,  copper, 
and  silver.  _  The  black  sulphide  is  freed  from  arsenic,  if  present 
by  ammonia   and  digested  with  dilute  nitric  acid,  which  will 
dissolve  all  the  sulphides,  save  those  of  mercury  and  tin,  so  that 
11  a  complete  solution  is  obtained  (sulphur  flocks  excepted),  it  is 
evident  that  both  these  substances  are  absent.    The  presence  of 
copper  is  betrayed  by  the  blue  colour  of  the  nitric  acid  solution, 
and  through  its  special  reactions;  lead,  by  the  deep  yellow 
precipitate  which  falls  by  the  addition  of  chromate  of  potash  and 
acetate  of  soda  to  the  solution ;  bismuth,  through  a  white  preci- 
pitate on  dilution  with  water.    If  the  nitric  acid  leaves  a  black 
insoluble  residue,  this  is  probably  sulphide  of  mercury,  and 
should  be  treated  with  concentrated  hydrochloric  acid  to  separate 
flocks  of  sulphur,  evaporated  to  dryness,  again  dissolved,  and 
tested  for  mercury  by  iodide  of  potash,  copper  foil,  &c.,  as  de- 
scribed in  the  article  on  Mercury/.    Zinc,  nickel,  and  cobalt  are 
likewise  tested  for  in  the  filtrate  as  described  in  the  respective 
articles  on  these  metals. 
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PART  III.-ACIDS  AND  ALKALIES. 


SULPHUKIO  AOID-HYDROOHLOEIO  AOID-NITRIO 
AOID-AMMONIA- POTASH- SODA-NEUTRAL 

SODIUM,  POTASSIUM,  AND  AMMONIUM  SALTS. 


I.— SULPHURIC  ACID. 

§  29.  Sulphuric  acid  (hydric  sulphate,  oil  of  vitriol,  HgSO^) 
occurs  in  commerce  in  varying  degrees  of  strength  or  dilution ; 
the  strong  sulphuric  acid  of  the  manufacturer,  containing  100  per 
cent,  of  real  acid  (HgSO^),  has  a  specific  gravity  of  1-850.  The 
ordinary  brown  acid  of  commerce,  coloured  by  organic  matter 
and  holding  in  solution  metallic  impurities,  chiefly  lead  and 
arsenic,  has  a  specific  gravity  of  about  1-750 ;  contains  67-95  of 
anhydrous  S03  =  85-42  of  hydric  sulphate. 

There  are  also  weaker  acids  used  in  commerce,  particularly  in 
manufactories  in  which  sulphuric  acid  is  made,  for  special  pur- 
poses without  rectification.  The  British  Pharmacopoeia  sulphuric 
acid  is  directed  to  be  of  1-845  specific  gravity,  which  corresponds 
to  78-6  per  cent,  sulphuric  anhydride,  or  98-8  per  cent,  of  hydric 
sulphate.  The  dilute  sulphuric  acid  of  the  pharmacopoeia  should 
have  a  specific  gravity  of  1-094,  and  is  usually  said  to  correspond 
to  10-14  per  cent,  of  anhydrous  sulphuric  acid;  but,  if  Ure's 
Tables  are  correct,  such  equals  11-37  per  cent. 

The  general  characters  of  sulphuric  acid  are  as  follows  : — When 
pure,  it  is  a  colourless,  or,  when  impure,  a  dark  brown  to  black, 
oily  liquid,  without  odour  at  common  temperatures,  of  an 
exceedingly  acid  taste,  charring  most  organic  tissues  rapidly, 
and,  if  mixed  with  water,  evolving  much  heat.  If  4  parts  of  the 
strong  acid  are  mixed  with  1  part  of  water  at  0°,  the  mixture 
rises  to  a  heat  of  100° ;  a  still  greater  heat  is  evolved  by  mixing 
75  parts  of  acid  with  27  of  water. 

Sulphuric  acid  is  powerfully  hygroscopic — 3  parts  will,  in  an 
ordinary  atmosphere,  increase  to  nearly  4  in  twenty-four  hours  ; 
in  common  with  all  acids,  it  reddens  litmus,  yellows  cochineal, 
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Tl^To'ZifelT'^''^^  ^^^^^^  form  of 

H  S  O      rif"?'^'^^^!^^^^  sulphuric  acid,"  "fuming  acid,"  formula 

S&at*;  Jf  P?-^"'^^  distillation  of  d'ry  ferrus 

sulphate,  at  a  nearly  white  heat-either  in  earthenware  or 
green  glass  retorts  ;  the  distillate  is  received  In  su^Zric  acid 
As  thus  manufactured,  it  is  a  dark  fuming  liquid  of  19  specTfic 
gravity  and  boiling  at  63".    When  artificially^cooled  dowf  to  0° 

■  ompotidTf       ^  '^T^  ^r^^^'  ^^^"^^  of Tdefinite 

wal^r     Tl.  '      anhydrous  sulphuric  acid  and  1  atom  of 

water^  There  is  some  doubt  as  to  the  molecular  composition  of 
l^ordhausen  acid  ;  it  is  usually  considered  as  hydric  sulphate 

S  Sv  Tn  ^oh^  '"'P^^y  '""^'f-  ^^"^  is'manufSred 
for  alLrina  ^  ^  ^^^^^^^^ 

§  30.  Sulphur  Trioxide,  or  Sulphuric  Anhydride  (SO,),  itself 
may  be  met  wit^i  in  scientific  laboratories,  but  is  not  in  commerce 
oulphur  trioxide  forms  thin  needle-shaped  crystals,  arranged  in 
feathery  groups.    Seen  m  mass,  it  is  white,  and  has  something 
the  appearance  of  asbestos.    It  fuses  to  a  liquid  at  about  18; 
boils  at  3o  ,  but,  after  this  operation  has  been  performed,  the 
substance  assumes  an  allotropic  condition,  and  then  remains 
solid  up  to  100  ;  above  100°  it  melts,  volatilises,  and  returns  to 
Its  normal  condition.    Sulphuric  anhydride  hisses  when  it  is 
thrown  into  water,  chemical   combination   taking  place  and 
sulphuric  acid  being  formed.    Sulphur  trioxide  is  excessively  ' 
corrosive  and  poisonous. 

Besides  the  above  forms  of  acid,  there  is  an  oflicinal  preparation 
called  "Aromatic  Sulphuric  Acid,"  made  by  digesting  sulphuric 
acid  rectified  spirit,  ginger,  and  cinnamon  together.  It  contains 
10-Jl  per  cent,  of  SOg,  alcohol,  and  principles  extracted  from 
cinnamon  and  ginger. 

§  31.  Sulphuric  acid,  in  the  free  state,  may  not  unfrequently 
be  found  m  nature.  I  recently  examined  an  effluent  water  from 
a  Devonshire  mine,  which  contained  more  than  one  grain  of 
free  sulphuric  acid  per  gallon,  and  was  accused,  with  justice, 
of  destroying  the  fish  in  a  river.  It  also  exists  in  large 
quantities  in  volcanic  springs.  In  a  torrent  flowing  from  the 
volcano  of  Parce,  in  the  Andes,  Boussingault  calculated  that 
15,000  tons  of  sulphuric  acid  and  11,000  tons  of  hydrochloric 
acid  were  yearly  carried  down.  In  the  animal  and  vegetable 
kingdom,  sulphuric  acid  exists,  as  a  rule,  in  combination  with 
bases,  but  there  is  an  exception  in  the  saliva  of  the  Dolium 
galea,  a  Sicilian  snail. 

§  32.  Statistics.— W\\Qi\  something  like  900,000  tons  of  sul- 
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phuric  acid  are  produced  annually  in  England  alone,  and  when 
it  is  considered  that  sulphuric  acid  is  used  in  the  manufacture 
of  most  other  acids,  in  the  alkali  trade,  in  the  manufacture  ot 
indigo,  in  the  soap  trade,  in  the  manufacture  of  artificial  manure, 
and  "in  a  number  of  technical  processes,  there  is  no  cause  for 
surprise  that  it  should  be  the  annual  cause  of  many  deaths. 

The  number  of  deaths  from  sulphuric  acid  will  vary,  other 
things  being  equal,  in  each  country,  according  to  the  manufactures 
in  that  country  employing  sulphuric  acid.  In  England,  there 
are  at  least  from  thirty  to  forty  poisonings  yearly  by  sulphuric 
acid.  Falck,*  in  comparing  different  countries,  considers  the 
past  statistics  to  show  that  in  France  sulphuric  acid  has  been 
the  cause  of  4-5  to  5-5  per  cent,  of  the  total  deaths  from  poison, 
and  in  England  5-9  per  cent.  In  England,  France,  and  Denmark, 
taken  together,  10-8,  Prussia  10-6 ;  while  in  certain  cities,  as 
Berlin  and  Vienna,  the  percentages  are  much  higher — Vienna 
showing  43-3  per  cent.,  Berlin  90  per  cent. 

§  33.  Accidental,  Suicidal,  and  Criminal  Poisoning. — Deaths 
from  sulphuric  acid  are,  for  the  most  part,  accidental,  occasionally 
suicidal,  and,  still  more  rarely,  criminal.  In  53  out  of  113  cases 
collected  by  Bbhm,  in  which  the  cause  of  the  poisoning  could, 
with  fair  accuracy,  be  ascertained,  45-3  per  cent,  were  due  to 
accident,  30-2  were  suicidal,  and  24-5  per  cent,  were  cases  of 
criminal  poisoning,  the  victims  being  children. 

The  cause  of  the  comparatively  rare  use  of  sulphuric  acid  by 
the  poisoner  is  obvious.  First  of  all,  the  acid  can  never  be 
mixed  with  food  without  entirely  changing  its  aspect ;  next,  it 
is  only  in  cases  of  insensibility  or  paralysis  that  it  could  be 
administered  to  an  adult,  unless  given  by  force,  or  under  very 
exceptional  circumstances ;  and  lastly,  the  stains  on  the  mouth 
and  garments  would  at  once  betray,  even  to  uneducated  persons, 
the  presence  of  something  wrong.  As  an  agent  of  murder,  then, 
sulphuric  acid  is  confined  in  its  use  to  young  children,  more 
especially  to  the  newly  born. 

There  is  a  remarkable  case  related  by  Haagan,!  in  which  an 
adult  man,  in  full  possession  of  his  faculties,  neither  paralysed 
nor  helpless,  was  murdered  by  sulphuric  acid.  The  wife  of  a 
day-labourer  gave  her  husband  drops  of  sulphuric  acid  on  sugar, 
instead  of  his  medicine,  and  finally  finished  the  work  by  adminis- 
tering a  spoonful  of  the  acid.  The  spoon  was  carried  well  to  the 
back  of  the  throat,  so  that  the  man  took  the  acid  at  a  gulp. 
11  grms.  (171  grains)  of  sulphuric  acid,  partly  in  combination 
with  soda  and  potash,  were  separated  from  his  stomach. 
*  Leiirbuch  der  PraJctischen  Toxicologic,  p.  54. 

t  Gross :  Die  Strafreclitspjiege  in  Deutsckland,  4,  1861.   Heft  I.  S.  181. 
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Accidental  poisoning  is  most  common  among  children.  The 
oily  syrupy-looking  sulphuric  acid,  when  pure,  may  be  mistaken 
lor  glycerine  or  for  syrup  •  and  the  dark  commercial  acid  might, 
by  a  careless  person,  be  confounded  with  porter  or  any  dark- 
looking  medicine. 

Serious  and  fatal  mistakes  have  not  unfrequently  arisen  from 
the  use  of  injections.  Deutsch  *  relates  how  a  midwife,  in  error, 
administered  to  mother  and  child  a  sulphuric  acid  clyster ;  but 
little  of  the  fluid  could  in  either  case  have  actually  reached  the 
rectum,  for  the  mother  recovered  in  eight  days,  and  in  a  little 
time  the  infant  was  also  restored  to  health.  Sulphuric  acid  has 
caused  death  by  injections  into  the  vagina.  H.  0.  Lombard  f 
observed  a  case  of  this  kind,  in  which  a  woman,  aged  thirty, 
injected  half  a  litre  of  sulphuric  acid  into  the  vagina,  for  the 
purpose  of  procuring  abortion.  The  result  was  not  immediately 
fatal,  but  the  subsequent  inflammation  and  its  results  so  occluded 
the  natural  passage  that  the  birth  became  impossible,  and  a 
Osesarean  section  extracted  a  dead  child,  the  mother  also  dying. 

An  army  physician  prescribed  for  a  patient  an  emollient 
clyster.  Since  it  was  late  at  night,  and  the  apothecary  in  bed,  he 
prepared  it  himself ;  but  not  finding  linseed  oil,  woke  the 
apothecary,  who  took  a  bottle  out  of  one  of  the  recesses  and 
placed  it  on  the  table.  The  bottle  contained  sulphuric  acid ;  a 
soldier  noticed  a  peculiar  odour  and  efiervescence  when  the 
syringe  was  charged,  but  this  was  unheeded  by  the  doctor.  The 
patient  immediately  after  the  operation  suffered  the  most  acute 
agony,  and  died  the  following  day ;  before  his  death,  the  bed 
clothes  were  found  corroded  by  the  acid,  and  a  portion  of  the 
bowel  itself  came  away.f 

§  34.  Fatal  Dose. — The  amount  necessary  to  kill  an  adult  man 
is  not  strictly  known ;  fatality  so  much  depends  on  the  concen- 
tration of  the  acid  and  the  condition  of  the  person,  more 
especially  whether  the  stomach  is  full  or  empty,  that  it  will  be 
impossible  ever  to  arrive  at  an  accurate  estimate.  Christison's 
case,  in  which  3 -8  grms.  (60  grains)  of  concentrated  acid  killed 
an  adult,  is  the  smallest  lethal  dose  on  record.  Supposing  that 
the  man  weighed  68J  kilo.  (150  lbs.),  this  would  be  in  the  pro- 
portion of  "05  grm.  per  kilo.  There  is  also  the  case  of  a  child 
of  one  year,  recorded  by  Taylor,  in  which  20  drops  caused 
death.  If,  however,  it  were  asked  in  a  court  of  law  what  dose 
of  concentrated  sulphuric  acid  would  be  dangerous,  the  proper 

*  Preuss.  Med,  Vereins-Zeitung,  1848,  No.  13. 
•f-  Journ.  de  Chim.  M6d.,  torn.  vii.  1831. 

t  Maschka's  Handhuch,  p.  86.    Journal  de  Chimie  M6dicale,  t.  i.  No.  8, 
406,  1835. 
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answer  would  be:  so  small  a  quantity  as  from  2  to  3  drops 
oftTe  stTong  undiluted  acid  might  cause  death  more  especially 
if  conveyed^o  the  back  of  the  throat ;  for  if  it  is  improbable 
that  on  such  a  supposition  death  would  be  sudden  yet  there 
Js  a  possibility  of  permanent  injury  to  the  gullet,  with  the  result 
of  subsequent  contraction,  and  the   usual  long  and  painful 
malnutrition  thereby  induced.    It  may  be  laid  down  therefore 
Tat  all  quantities,  even  the  smallest,  of  the  strong  undduted  ac^d 
come  under  the  head  of  hurtful,  noxious,  and  injurious. 
735  Local  Action  of  Sulphuric  Acid.-The  actxon  of  the  acid 
on  living  animal  tissues  has  been  studied  of  late  by  0.  Fh. 
Falck  and  L  Vietor.*    Concentrated  acid  precipitates  albumen, 
and  then  redissolves  it;  fibrin  swells  and  becomes  gelatinous ; 
but  if  the  acid  is  weak  {e.g.,  4  to  6  per  cent )  it  is  scarcely 
changed.      Muscular  fibre  is  at  first  coloured  amber-yellow 
swells  to  a  jelly,  and  then  dissolves  to  a  red-brown  turbid 
fluid     When  applied  to  the  mucous  membrane  of  the  stomach, 
the  mucous  tissue  and  the  muscular  layer  beneath  are  coloured 
white,  swell,  and  become  an  oily  mass. 

When  applied  to  a  rabbit's  ear,t  the  parenchyma  becomes  at 
first  pale-grey  and  semi-transparent  at  the  back  of  the  ear ; 
opposite  the  drop  of  acid  appear  spots  like  grease  or  fat  drops, 
which  soon  coalesce.  The  epidermis  with  the  hair  remains 
adherent;  the  blood-vessels  are  narrowed  m  calibre,  and  the 
blood,  first  in  the  veins,  and  then  in  the  arteries,  is  coloured 
green  and  then  black,  and  fully  coagulates.  If  the  drop,  with 
horizontal  holding  of  the  ear  is  dried  in,  an  inflammatory  zone 
surrounds  the  burnt  spot  in  which  the  blood  circulates;  but 
there  is  complete  stasis  in  the  part  to  which  the  acid  has  been 
applied.  If  the  point  of  the  eai"  is  dipped  in  the  acid,  the 
cauterised  part  rolls  inwards ;  after  the  lapse  of  eighteen^  hours 
the  part  is  brown  and  parchment-like,  with  scattered  points  of 
coagulated  blood ;  then  there  is  a  slight  swelling  in  the  healthy 
tissues,  and  a  small  zone  of  redness;  within  fourteen  days  a 
bladder-like,  greenish-yellow  scab  is  formed,  the  burnt  part 
itself  remaining  dry.  The  vessels  from  the  surrounding  zone 
of  redness  gradually  penetrate  towards  the  cauterised  spot, 
the  fluid  in  the  bleb  becomes  absorbed,  and  the  destroyed  tissues 
fall  off"  in  the  form  of  a  crust. 

The  changes  that  sulphuric  acid  cause  in  blood  are  as  follows : 
the  fibrin  is  at  first  coagulated  and  then  dissolved,  and  the 

*  Deutsche  Kl'milc,  1864,  Mo.  1  -32,  and  Vietor's  Inaugur-Dissert.  Marburg 
1803. 

t  Samuel,  Entzilndung  u.  Brand,  in  Virchovfa  Archiv  f.  Path.  Anat.-, 
Bd.  51.    Hft.  1  u.  2,  S.  41.  1870. 
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colouring  matter  becomes  of  a  black  colour.  These  changes  do 
not  require  the  strongest  acid,  being  seen  witli  an  acid  of  60 
per  cent. 

§  36.  The  action  of  the  acid  on  various  non-Hving  matters  is 
as  follows  :  poured  on  all  vegetable  earth,  there  is  an  efferves- 
cence, arising  from  decomposition  of  carbonates;  any  ^ass  or 
vegetation  growing  on  the  spot  is  blackened  and  dies:  an 
analysis  of  the  layer  of  earth,  on  which  the  acid  is  poured,  shows 
an  excess  of  sulphates  as  compared  with  a  similar  layer  adjacent- 
the  earth  will  only  have  an  acid  reaction,  if  there  has  been  more 
than  sufficient  acid  to  neutralise  all  alkaHes  and  alkaline  earths 

Wood  almost  immediately  blackens,  and  the  spot  remains 
moist. 

Spots  on  paper  become  quickly  dark,  and  sometimes  exhibit 
a  play  of  colours,  such  as  reddish-brown;  ultimately  the  spot 
becomes  very  black,  and  holes  may  be  formed;  even  when  the 
acid  is  dilute,  the  course  is  very  similar,  for  the  acid  dries  in, 
until  it  reaches  a  sufficient  degree  of  concentration  to  attack  the 
tissue.     I  found  small  drops  of  sulphuric  acid  on  a  brussels 
carpet,  which  had  a  red  pattern  on  a  dark  green  ground  Avith 
light  green  flowers,  act  as  follows :  the  spots  on  the  red  at  the 
end  of  a  few  hours  were  of  a  dark  maroon  colour,  the  green  was 
darkened,  and  the  light-green  browned;  at  the  end  of  twenty- 
four  hours  but  little  change  had  taken  place,  nor  could  any  one 
have  guessed  the  cause  of  the  spots  without  a  close  examination. 
Spots  of  the  strong  acid  on  thin  cotton  fabrics  rapidly  blackened, 
and  actual  holes  were  formed  in  the  course  of  an  hour ;  the  main 
difierence  to  the  naked  eye,  between  the  stains  of  the  acid  and 
those  produced  by  a  red-hot  body,  lay  in  the  moistness  of  the 
spots.  Indeed,  the  great  distinction,  without  considering  chemical 
evidence,  between  recent  burns  of  clothing  by  sulphuric  acid 
and  by  heat,  is  that  in  the  one  case — that  of  the  acid — the  hole 
or  spot  is  very  moist;  in  the  other  very  dry.    It  is  easy  to 
imagine  that  this  distinction  may  be  of  importance  in  a  legal 
investigation. 

Spots  of  acid  on  clothing  fall  too  often  under  the  observation 
of  all  those  engaged  in  practical  chemical  work.  However  quickly 
a  spot  of  acid  is  wiped  off,  unless  it  is  immediately  neutralised 
by  ammonia,  it  ultimately  makes  a  hole  in  the  cloth ;  the  spot, 
as  a  rule,  whatever  the  colour  of  the  cloth,  is  of  a  blotting- 
paper  red. 

Sulphuric  acid  dropped  on  iron,  attacks  it,  forming  a  sulphate, 
which  may  be  dissolved  out  by  water.  If  the  iron  is  exposed 
to  the  weather,  the  rain  may  wash  away  all  traces  of  the  acid, 
save  the  corrosion ;  but  it  would  be  under  those  circumstances 
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impossible  to  say  whether  the  corrosion  Avas  clue  to  oxidation  or 
a  solvent. 

To  sum  up,  briefly :  the  characters  of  sulphuric  acid  spots 
on  organic  matters  generally  are  black,  brown,  or  red-coloured 
destructions  of  tissue,  moisture,  acid-reaction  (often  after  years), 
and  lastly  the  chemical  evidence  of  sulphuric  acid  or  sulphates 
in  excess. 

Caiotion  necessary  in  judging  of  spots,  &c. — An  important  case,, 
related  by  Maschka,  shows  the  necessity  of  great  caution  in 
interpreting  results,  unless  all  the  circumstances  of  a  case  be 
carefully  collated.  A  live  coal  fell  on  the  bed  of  a  weakly 
infant,  five  months  old.  The  child  screamed,  and  woke  the 
father,  who  was  dozing  by  the  fire ;  the  man,  in  terror,  poured 
a  large  pot  of  water  on  the  child  and  burning  bed.  The  child 
died  the  following  clay. 

A  post-mortem  examination  showed  a  burn  on  the  chest  of  the 
infant  two  inches  in  length.  The  tongue,  pharynx,  and  gullet 
were  all  healthy ;  in  the  stomach  a  patch  of  mucous  membrane^ 
about  half  an  inch  in  extent,  was  found  to  be  brownish,  friable, 
and  very  thin.  A  chemical  examination  showed  that  the  portion 
of  the  bed  adjacent  to  the  burnt  place  contained  free  sulphuric? 
acid.  Here,  then,  was  the  following  evidence :  the  sudden 
death  of  a  helpless  infant,  a  carbonised  bed-cover  with  free  sul- 
phuric acid,  and,  lastly,  an  appearance  in  the  stomach  which, 
it  might  be  said,  was  not  inconsistent  with  sulphuric  acid  poison- 
ing. Yet  a  careful  sifting  of  the  facts  convinced  the  judges  that 
no  crime  had  been  committed,  and  that  the  child's  death  was  due 
to  disease.  Afterwards,  experiment  showed  that  if  a  live  coal 
fall  on  to  any  tissue,  and  be  drenched  with  water,  free  sulphuric 
acid  is  constantly  found  in  the  neighbourhood  of  the  burnt 
place. 

_  §  37.  Symptoms. — The  symptoms  may  be  classed  in  two  divisions, 
viz.: — 1.  External  effects  of  the  acid.  2.  Internal  effects  and 
symptoms  arising  from  its  interior  administration. 

1.  External  Effects. — Of  late  years  several  instances  have 
occurred  in  which  the  acid  has  been  used  criminally  to  cause  dis- 
figuring burns  of  the  face.  The  offence  has  in  all  these  cases  beeix 
committed  by  women,  who,  from  motives  of  revengeful  jealousy, 
have  suddenly  dashed  a  quantity  of  the  acid  into  the  face  of 
the  object  of  their  resentment.  In  such  cases,  the  phenomena 
observed  are  not  widely  diff"erent  from  those  attending  scalds 
or  burns  from  hot  neutral  fluids.  There  is  destruction  of  tissue, 
not  necessarily  deep,  for  the  acid  is  almost  immediately  wipeci 
off;  but  if  any  should  reach  the  eye,  inflammation,  so  acute  as 
to  lead  to  blindness,  is  the  probable  consequence.    The  skin  is 
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coloured  at  first  white,  at  a  later  period  brown,  and  part  of  it 
may  be,  as  it  were,  dissolved.  If  the  tract  of  skin  touched  by 
the  acid  is  extensive,  death  may  result.  The  inflammatory 
processes  in  the  skin  are  similar  to  those  noticed  by  Falck  and 
Vietor  in  their  experiments,  already  detailed  (p.  61.) 

2.  Internal  Effects. — "When  sulphuric  acid  is  taken  internally, 
the  acute  and  immediate  symptom  is  pain.  This,  however,  is 
not  constant,  since,  in  a  few  recorded  cases,  no  complaint  of  pain 
has  been  made ;  but  these  are  quite  exceptional,  and,  as  a  rule, 
there  will  be  immediate  and  great  suffering.  The  tongue  swells, 
the  throat  is  also  swollen  and  inflamed,  swallowing  of  saliva 
even  may  be  impossible.  If  the  acid  has  been  in  contact  with 
the  epiglottis  and  vocal  apparatus,  there  may  be  spasmodic  croup 
and  even  fatal  spasm  of  the  glottis. 

The  acid,  in  its  passage  down  the  gullet,  attacks  energetically 
the  mucous  membrane  and  also  the  lining  of  the  stomach,  but 
the  action  does  not  stop  there,  for  Lesser  found  in  18  out  of  26 
cases  (69  per  cent.),  that  the  corrosive  action  extended  as  far  as 
the  duodenum.  There  is  excessive  vomiting  and  retching; 
the  matters  vomited  are  acid,  bloody,  and  slimy;  great  pieces  of 
mucous  membrane  may  be  in  this  way  expelled,  and  the  whole 
of  the  lining  membrane  of  the  gullet  may  be  thrown  up  entire. 
The  bowels  are,  as  a  rule,  constipated,  but  exceptionally  there 
has  been  diarrhoea;  the  urine  is  sometimes  retained;  it  invariably 
contains  an  excess  of  sulphates  and  often  albumen,  with  hyaline 
casts  of  the  uriniferous  tubes.  The  pulse  is  small  and  frequent, 
the  breathing  slow,  the  skin  very  cold  and  covered  with  sweat; 
the  countenance  expresses  great  anxiety,  and  the  extremities 
may  be  affected  with  cramps  or  convulsions.  Death  may  take 
place  within  from  24  to  36  hours,  and  be  either  preceded  by 
dyspnoea  or  by  convulsions ;  consciousness  is,  as  a  rule,  maintained 
to  the  end. 

There  are  also  more  rapid  cases  than  the  above ;  a  large  dose 
of  sulphuric  acid  taken  on  an  empty  stomach  may  absolutely 
dissolve  it,  and  pass  into  the  peritoneum;  in  such  a  case  there 
is  really  no  difference  in  the  symptoms  between  sudden  per- 
foration of  the  stomach  from  disease,  a  penetrating  wound  of 
the  abdomen,  and  any  other  sudden  fatal  lesion  of  the  organs 
in  the  abdominal  cavity  (for  in  all  these  instances  the  symptoms 
are  those  of  pure  collapse);  the  patient  is  ashen  pale,  with  pulse 
quick  and  weak,  and  body  bathed  in  cold  sweat,  and  he  rapidly 
dies,  it  may  be  without  much  complaint  of  local  pain. 

If  the  patient  live  longer  than  24  hours,  the  symptoms  are 
mainly  those  of  inflammation  of  the  whole  mucous  tract,  from 
the  mouth  to  the  stomach;  and  from  this  inflammation  the 
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TDatient  may  die  in  a  variable  period,  of  from  three  to  eleven  days, 
after  taking  the  poison.  In  one  case  the  death  occurred  suddenly, 
without  any  immediately  preceding  symptoms  rendering  immi- 
nent death  probable.  If  this  second  stage  is  passed,  then  the 
loss  of  substance  in  the  gullet  and  in  the  stomach  almost 
invariably  causes  impairment  of  function,  leading  to  a  slow  and 
painful  death.  The  common  sequence  is  stricture  of  the  gullet, 
combined  with  feeble  digestion,  and  in  a  few  instances  stricture 
of  the  pylorus.  A  curious  sequel  has  been  recorded  by  Mannkopf, 
viz.,  obstinate  intercostal  neuralgia;  it  has  been  observed  on 
the  fourth,  seventh,  and  twenty-second  day.     _       ,  .  . ,  rr-i 

§  38.  Treatment  of  Acute  Poisoning  by  the  Mineral  Acids. — The 
immediate  indication  is  the  dilution  and  neutralisation  of  the 
acid.  For  this  purpose,  finely  divided  chalk,  magnesia,  or  sodic 
carbonate  may  be  used,  dissolved  or  suspended  in  much  water. 
The  use  of  the  stomach-pump  is  inadvisable,  for  the  mucous 
membrane  of  the  gullet  may  be  so  corroded  by  the  acid  that 
the  passage  of  the  tube  down  will  do  injury  ;  unless  the  neutra- 
lisation is  immediate,  but  little  good  is  effected ;  hence  it  will 
often  occur  that  the  bystanders,  if  at  all  conversant  with  the 
matter,  will  have  to  use  the  first  thing  which  comes  to  hand, 
such  as  the  plaster  of  a  wall,  &c. ;  and  lastly,  if  even  these  rough 
antidotes  are  not  to  be  had,  the  best  treatment  is  enormous 
doses  of  water,  which  will  dilute  the  acid  and  promote  vomiting. 
The  treatment  of  the  after-effects  belongs  to  the  province  of 
ordinary  medicine,  and  is  based  upon  general  principles. 

§39.  Post-mortem  Appearances.  —  The  general  pathological 
appearances  to  be  found  in  the  stomach  and  internal  organs 
differ  according  as  the  death  is  rapid  or  slow ;  if  the  death 
takes  place  within  twenty-four  hours,  the  effects  are  fairly 
uniform,  the  differences  being  only  in  degree ;  while,  on  the 
other  hand,  in  those  cases  which  terminate  fatally  from  the 
more  remote  effects  of  the  acid,  there  is  some  variety.  It  may 
be  well  to  select  two  actual  cases  as  types,  the  one  patient  dying 
from  acute  poisoning,  the  other  surviving  for  a  time,  and  then 
dying  from  ulceration  and  contraction  of  the  digestive  tract. 

A  hatter,  early  in  the  morning,  swallowed  a  large  mouthful 
of  strong  sulphuric  acid,  a  preparation  which  he  used  in  his 
work — (whether  the  draught  was  taken  accidentally  or  suicidally 
was  never  known).  He  died  within  two  hours.  The  whole 
tongue  was  sphacelated,  parts  of  the  mucous  membrane  being 
dissolved ;  the  inner  surface  of  the  gullet,  as  well  as  the  whole 
throat,  was  of  a  grey-black  colour ;  the  mucous  membrane  of 
the  stomach  was  coal-black,  and  so  softened  that  it  gave  way 
like  blotting-paper  under  the  forceps,  the  contents  escaping 
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S,pV«!  abdomen.   The  peritoneum  was  also  black- 

In^  I  ^  burnt ;  probably  there  had  been  perforation  of  the 
stomach  during  life  ;  the  mucous  membrane  of  the  duodenum 
was  swollen  hardened,  and  looked  as  if  it  had  been  boiled: 
while  the  blood  was  of  a  cherry-red  colour,  and  of  the  consist^ 
ence  of  a  thm  syrup.  The  rest  of  the  organs  were  healthy  ; 
a  chemical  research  on  the  fluid  which  had  been '  collected  from 
the  stomach,  gullet,  and  duodenum  showed  that  it  contained 
o/-/!5  grams  of  free  sulphuric  acid.* 

This  is,  perhaps,  the  most  extreme  case  of  destruction  on  record- 
the  cause  of  the  unusually  violent  action  is  referable  to  the 
acid  acting  on  an  empty  stomach.  It  is  important  to  note  that 
even  with  this  extensive  destruction  of  the  stomach,  life  was 
prolonged  for  two  hours. 

The  case  I  have  selected  to  serve  as  the  type  of  a  chronic  but 
fatal  illness  produced  from  poisoning  by  sulphuric  acid  is  one 
related  by  Oscar  Wyss.  A  cook,  thirty-four  years  of  age,  who 
had  suftered  many  ailments,  drank,  on  the  6th  of  November,  1867, 
by  mistake,  at  eight  o'clock  in  the  morning,  two  mouthfuls  of  a 
mixture  of  1  part  of  sulphuric  acid  and  4  of  water.  Pain  in  the 
stomach  and  neck,  and  vomiting  of  black  masses,  were  the 
immediate  symptoms,,  and  two  hours  later  he  was  admitted  into, 
the  hospital  in  a  state  of  collapse,  with  cold  extremities,  cyanosis 
of  the  face,  &c.  Copious  draughts  of  milk  were  given,  and  the 
patient  vomited  much,  the  vomit  still  consisting  of  black 
pultaceous  matters,  in  which,  on  a  microscopical  examination, 
could  be  readily  detected  columnar  epithelium  of  the  stomach 
and  mucous  tissue  elements.  The  urine  was  of  specific  gravity 
1-033,  non-albuminous  j  on  analysis  it  contained  3-388  grms.  of 
combined  sulphuric  acid. 

On  the  second  day  there  was  some  improvement  in  the 
symptoms ;  the  urine  contained  1-276  grms.  of  combined  sulphuric 
acid;  on  the  third  day  2-665  grms.  of  combined  sulphuric  acid; 
and  on  the  tenth  day  the  patient  vomited  up  a  complete  cast  of 
the  mucous  membrane  of  the  gullet.  The  patient  remained  in 
the  hospital,  and  became  gradually  weaker  from  stricture  of  the 
gullet  and  impairment  of  the  digestive  powers,  and  died,  two 
months  after  taking  the  poison,  on  the  5th  of  January,  1868. 

The  stomach  was  found  small,  contracted,  with  many  adhesions, 
to  the  pancreas  and  liver;  it  was  about  12  centimetres  long 
(4-7  inch),  and  from  2-2-5  centimetres  (-7  to  -9  inch)  broad, 
contracted  to  somewhat  the  form  of  a  cat's  intestine ;  there 
were  several  transverse  rugae;  the  walls  were  thickened  at 
the  small  curvature,  measurements  giving  5  mm.  (-19  inch)  in 
*  Casper,  vol.  ii.,  case  194 


g       j  SULPHUEIO  ACID.  67 

the  middle,  and  beyond  about  2-75  mm.  (-ll  inch);  in  the 
upper  two-thirds,  the  lumen  was  so  contracted  as  scarcely  to 
admit  the  point  of  the  little  finger.  The  inner  surface  was 
covered  with  a  layer  of  pus,  with  no  trace  of  mucous  tissue, 
and  was  everywhere  pale-red,  uneven,  and  crossed  by  cicatrical 
bands.  In  two  parts,  at  the  greater  curvature,  the  mucous 
surface  was  strongly  injected  in  a  ring-like  form,  and  m  the 
middle  of  the  ring  was  a  deep  funnel-shaped  ulcer;  a  part 
of  the  rest  of  the  stomach  was  strongly  injected  and  scattered 
over  with  numerous  punctiform,  small,  transpa,rent  bladders. 
The  o-ullet  was  contracted  at  the  upper  part  (just  below  the 
epiglottis)  from  20-22  mm.  (-78  to  -86  inch)  in  diameter;  it 
then  gradually  widened  to  measure  about  12  mm.  (-47  inch) 
at  the  diaphragm ;  in  the  neighbourhood  of  the  last  contraction 
the  tissue  was  scarred,  injected,  and  ulcerated;  there  were 
also  small  abscesses  opening  into  this  portion  of  the  gullet. 

§  40.  The  museums  of  the  different  London  hospitals  afibrd 
excellent  material  for  the  study  of  the  effects  of  sulphuric  acid 
on  the  pharynx,  gullet,  and  stomach ;  and  it  may  be  a  matter 
of  convenience  to  students  if  the  more  typical  examples  at 
these  diflFerent  museums  be  noticed  in  detail,  so  that  the  pre- 
parations themselves  may  be  referred  to. 

In  St.  BartJiolomew's  Museum,  No.  1942,  is  an  example  of  excessive 
destniction  of  the  stomach  by  sulphuric  acid.  The  stomach  is  much 
contracted,  and  has  a  large  aperture  with  ragged  edges ;  the  mucous  mem- 
brane is  thickened,  charred,  and  blackened. 

No.  1,841,  in  the  same  museum,  is  the  stomach  of  a  person  who  died 
from  a  large  dose  of  sulphuric  acid.  When  recent,  it  is  described  as  of  a 
deep-red  colour,  mottled  with  black  ;  appearances  which,  from  long  soaking 
in  spirit,  are  not  true  at  the  present  time ;  but  the  rough,  shaggy  state 
of  the  mucous  tissue  can  be  traced  ;  the  gullet  and  the  pylorus  appear  the 
least  affected. 

St.  George's  Hospital,  ser.  ix.,  146,  11  and  43,  e. — The  pharynx  and 
oesophagus  of  a  man  who  was  brought  into  the  hospital  in  a  state  of  collapse, 
after  a  large  but  unknown  dose  of  sulphuric  acid.  The  lips  were  much 
eroded,  the  mucous  membrane  of  the  stomach,  pharynx,  and  oesophagus 
show  an  extraordinary  shreddy  condition  ;  the  lining  membrane  of  the 
stomach  is  much  charred,  and  the  action  has  extended  to  the  duodenum ; 
the  muscular  coat  is  not  affected. 

Ouy's  Hospital,  No.  1,799.— A  preparation  showing  the  mucous  membrane 
of  the  stomach  entirely  denuded.   The  organ  looks  like  a  piece  of  thin  paper. 

No.  1,799''°.  The  stomach  of  a  woman  who  poisoned  herself  by  drinking 
a  wine-glassful  of  acid  before  breakfast.  She  lived  eleven  days.  The  main 
symptoms  were  vomiting  and  purging,  but  there  was  no  complaint  of  pain. 
There  is  extensive  destruction  of  mucous  membrane  along  the  lesser  curva- 
ture and  towards  the  pyloric  extremity  ;  a  portion  of  the  mucous  membrane 
is  floating  as  a  slough. 

No.  1,799'*  is  the  gullet  and  stomach  of  a  man  who  took  about  three 
drachms  of  the  strong  acid.    He  lived  three  days  without  much  apparent 
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sw^lUiTn^l^eTf's'u^^^^^^^  ^"11^,^.  fro-  a  woman  who 

to  have  recovered  ^cid,  aud  is  said,  according  to  the  catalogue, 
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follow;  ^^^"""^^  ""'^^'"^  of  separating  the  mineral  acids  is  as 
follows,  the  tissues,  or  matters,  are  soaked  in  distilled  water 

rJrUn,  ^'''^  iiq^id  will  noJ 

redden  litmus  paper,  or  give  an  acid  reaction  with  any  of  the 

*"'"\°^f  ^  ^S^^^'.  by  the  chemist  for  the  purposes 

of  titration.  After  sufficient  digestion  in  water,  the  liquid  ex- 
tract IS  made  up  to  some  definite  bulk  and  allowed  to  subside 
J^iltration  is  unnecessary.  A  small  fractional  part  (say,  for 
example,  should  the  whole  be  250  cc,  ^th  or  2-5  cc.)  is  taken, 
and  using  as  an  indicator  cochineal  or  phenol-phthaleine,  the 
total  acidity  is  estimated  by  a  decinormal  solution  of  soda  By 
this  preliminary  operation,  some  guide  for  the  conduct  of  the 
luture  more  exact  operations  is  obtained.  Should  the  liquid  be 
very  acid,  a  small  quantity  of  the  whole  is  to  be  now  taken,  but 
it  the  acidity  is  feeble,  a  larger  quantity  is  necessary,  and  suf- 
ficient qumme  then  added  to  fix  the  acid— 100  parts  of  sulphuric 
acid  are  saturated  by  342  parts  of  quinine  monohydrate.  There- 
fore, on  the  supposition  that  all  the  free  acid  is  sulphuric,  it  will 
be  found  sufficient  to  add  3-5  parts  of  quinine  for  every  1  part  of 
acid,  estimated  as  sulphuric,  found  by  the  preliminary  rough 
titration ;  and  as  it  is  inconvenient  to  deal  with  large  quantities 
of  alkaloid,  a  fractional  portion  of  the  liquid  extract  (representing 
not  more  than  50  mgrms.  of  acid)  should  be  taken,  which  will 
require  175  mgrms.  of  quinine. 

On  addition  of  the  quinine,  the  neutralised  liquid  is  evaporated 
to  dryness,  or  to  approaching  dryness,  and  then  exhausted  l>y 
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stronf^  alcohol.    The  alcoholic  extract  is,  after  filtration,  dried 
up  and  the  quinine  sulphate,  nitrate,  or  hydrochlorate,  as  the 
case  may  be,  filtered  off"  and  extracted  by  boiling  water,  and 
precipitated  by  ammonia,  the  end  result  being  quinine  hydrate 
(which  may  be  filtered  off'  and  used  again  for  similar  purposes), 
and  a  sulphate,  nitrate  or  chloride  of  ammonia  in  solution.  It 
therefore  remains  to  determine  the  nature  and  quantity  of  the 
acids  now  combined  with  ammonia.    The  solution  is  made  up  to 
a  known  bulk,  and  portions  tested  for  chlorides  by  nitrate  of 
silver,  and  for  nitrates  by  the  copper  or  the  ferrous  sulphate  test. 
If  sulphuric  acid  is  present,  there  will  be  a  precipitate  of  barium 
sulphate,  which,  on  account  of  its  density  and  insolubility  _  in 
nitric  or  hydrochloric  acids,  is  very  characteristic.   For  estimating 
the  sulphuric  acid  thus  found,  it  will  only  be  necessary  to  take 
a  known  bulk  of  the  same  liquid,  heat  it  to  boiling  after  acidify- 
ing by  hydrochloric  acid,  and  then  add  a  sufficient  quantity  of 
baric  chloride  solution.    Unless  this  exact  process  is  followed, 
the  analyst  is  likely  to  get  a  liquid  which  refuses  to  filter  clear, 
but  if  the  sulphate  be  precipitated  from  a  hot  liquid,  it  usually 
settles  rapidly  to  the  bottom  of  the  vessel,  and  the  supernatant 
fluid  can  be  decanted  clear,  and  the  precipitate  washed  by  de- 
cantation,  and   ultimately   collected   on   a   filter,  dried,  and 
weighed. 

The  sulphate  of  baryta  found,  multiplied  by  -3434,  equals  the 
sulphuric  anhydride. 

The  older  process  was  to  dissolve  the  free  sulphuric  acid  out 
by  alcohol.  As  is  well  known,  mineral  sulphates  are  insoluble 
in,  and  are  precipitated  by,  alcohol,  whereas  sulphuric  acid  enters 
into  solution.  The  most  valid  objection,  as  a  quantitative  pro- 
cess, to  the  use  of  alcohol,  is  the  tendency  which  all  mineral 
acids  have  to  unite  with  alcohol  in  organic  combination,  and 
thus,  as  it  were,  to  disappear ;  and,  indeed,  results  are  found,  by 
experiment,  to  be  below  the  truth  Avhen  alcohol  is  used.  This 
objection  does  not  hold  good  if  either  merely  qualitative  evidence, 
or  a  fairly  approximate  quantation,  is  required.  In  such  a  case, 
the  vomited  matters,  the  contents  of  the  stomach,  or  a  watery 
extract  of  the  tissues,  are  evaporated  to  a  syrup,  and  then  ex- 
tracted with  strong  alcohol  and  filtered ;  a  little  phenol-phthalein 
solution  is  added,  and  the  acid  alcohol  exactly  neutralised  by  an 
alcoholic  solution  of  clear  decinormal  or  normal  soda.  Accord- 
ing to  the  acidity  of  the  liquid,  the  amount  used  of  the  deci- 
normal or  normal  soda  is  noted,  and  then  the  whole  evaporated 
to  dryness,  and  finally  heated  to  gentle  redness.  The  alkaline 
sulphate  is  next  dissolved  in  very  dilute  hydrochloric  acid,  and 
the  solution  precipitated  by  chloride  of  barium  in  the  usual  way. 
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The  quantitative  results,  although  low  would  in  +>,p  rr.oo+ 
Hiajonty  of  cases,  answer  the  purp^osesuffic^^^^^^^^^^  " 

betenSoned        1  ""T'f  •  ''''      ^^^'^^^  ^-d,  may 

oe  mentioned.    A  liquid,  which  contains  a  very  minute  auantitv 
of  mineral  acid,  becomes  of  a  blue  colour  (orfi?  rper^cent 
wLf  If  vo?     but  this  test,  althoughUful  in'TxaWng 
!2|v  '  TfJ     V'.P-  478)  IS  not  of  much  value  in  to  J 
oology,  and  the  quinine  method  for  this  purpose  meets  every 

T!rTh:  ^T^'*^'^^*^        q-nLative  ptrpoIeT 

stLft  f ^^^-.-^Itliough  an  excess  of  sulphates  is  found  con- 
stantly in  the  urine  of  persons  who  have  taken  large  doses  of 
sulphuric  acid,  the  latter  has  never  been  found  in  th^t  liquS  S 
a  free  state,  so  that  it  will  be  useless  to  search  for  free  acid.  It 
dt!.r  ^  necessary  to  filter  the  fluid,  and  precipitate 

direct  with  an  excess  of  chloride  of  barium.  It  is  better  to 
operate  m  this  manner  than  to  burn  the  urine  to  an  ash,  for  in 
the  latter  case,  part  of  the  sulphates,  in  the  presence  of  phosphates, 
are  decomposed,  and,  on  the  other  hand,  any  organic  sulphur 
combinations  are  liable  to  be  estimated  as  sulphates. 

It  may  also  be  well  to  pass  chlorine  gas  through  the  same 
urine  which  has  been  treated  with  chloride  of  barium,  and  from 
which  the  sulphate  has  been  filtered  oK  The  result  of  this  treat- 
ment will  be  a  second  precipitate  of  sulphate  derived  from 
sulphur,  m  a  difi-erent  form  of  combination  than  that  of  sulphate 
^   mi  amount  of  sulphuric  acid  excreted  daily,  according 

to  ihudichum,  is  from  1-5  to  2-5  grms.,  and  organic  sulphur  up 
to  -2  grm.  m  the  twenty-four  hours,  but  very  much  more  has 
been  excreted  by  healthy  persons. 

Lehmann  made  some  observations  on  himself,  and  found  that, 
on  an  animal  diet,  he  excreted  no  less  than  10-399  grms.  of 
sulphuric  acid  per  day,  while  on  mixed  food  a  little  over  7 
grms.;  but  as  Thudichum  justly  observes,  this  great  amount 
must  be  referred  to  individual  peculiarity.  The  amount  of 
sulphates  has  a  decided  relation  to  diet.  Animal  food,  although 
not  containing  sulphates,  yet,  from  the  oxidation  of  the  sulphur- 
holding  albumen,  produces  a  urine  rich  in  sulphate.  Thus  Vogel 
found  that  a  person,  whose  daily  average  was  2 '02  grms.,  yielded 
7-3  on  a  meat  diet.  The  internal  use  of  sulphur,  sulphides,  and 
sulphates,  given  in  an  ordinary  medicinal  way,  is  traceable  in  the 
urine,  increasing  the  sulphates.  In  chronic  diseases  the  amount 
of  sulphates  is  decreased,  in  acute  increased. 

Finally,  it  would  appear  that  the  determination  of  sulphates 
in  the  urine  is  not  of  much  value,  save  when  the  normal  amount 


*  On  the  addition  of  a  solution  of  methyl  aniline  violet. 
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that  the  individual  secrete,  is  primarily  known  ^^e 
hand  a  low  amount  of  sulphates  m  the  urine  of  a  person  poisoned 
by  sulpWcacid  has  not  been  observed,  and  one  can  imagine 
.cJses  ki  which  such  a  low  result  might  have  forensic  importance. 

The  presence  of  albumen  in  the  urine  has  been  oon-dered  by 
some  a  constant  result  of  sulphuric  acid  poisoning,  but  altbough 
when  looked  for  it  is  usually  found,  it  cannot  be  considered 
constant.  O.  Smoler,*  in  eighteen  cases  of  various  degrees  of 
sulphuric  acid  poisoning,  found  nothing  abnormal  m  the  urine. 
Wysst  found  in  the  later  stages  of  a  case  mdican  and  pus. 
E.  Leydenand  Ph.  MunnJ  always  found  blood  m  the  urine 
as  well  as  albumen,  with  casts  and  cellular  elements.  Mannkopt  ^ 
found  albuminuria  in  three  cases  out  of  five;  m  two  ot  tne 
cases  there  were  fibrinous  casts;  in  two  the  albumen  disappeared 
at  the  end  of  the  second  or  third  day,  but  in  one  it  continued 
for  more  than  twenty  days.  Bambergerjl  has  observed  an  in- 
creased albuminuria,  with  separation  of  the  colouring  matter  ot 
the  blood.  In  this  case  it  was  ascribed  to  the  action  ot  the  acid 
on  the  blood. 

§  43.  The  Blood.— In  Casper's  case,  No.  193,  the  vena  cava 
of  a  child,  who  died  within  an  hour  after  swallowing  a  large  dose 
of  sulphuric  acid,  was  filled  with  a  cherry-red,  strongly  acid- 
reacting  blood.  Again,  Casper's  case.  No.  200,  is  that  of  a  young 
woman,  aged  19,  who  died  from  a  poisonous  dose  of  sulphuric 
acid.  At  the  autopsy,  four  days  after  death,  the  following 
peculiarities  of  the  blood  were  thus  noted:— "The  blood  had  an 
acid  reaction,  was  dark,  and  had  (as  is  usual  in  these  cases)  a 
syrupy  Consistence,  while  the  blood-corpuscles  were  quite  un- 
changed. The  blood  was  treated  with  an  excess  of  absolute 
;alcoh°ol  filtered,  the  filtrate  concentrated  on  a  water-bath,  the 
residue  exhausted  with  absolute  alcohol,  &c.  It  yielded  a  small 
quantity  of  sulphuric  acid." 

Other  similar  cases  might  be  noted,  but  it  must  not  for  a 
moment  be  supposed  that  the  mass  of  the  blood  contains  any 
free  sulphuric  acid  during  life.  The  acidity  of  the  blood  in  the 
vena  cava  may  be  ascribed  to  post-mortem  endosmosis,  tlie  acid 
passing  through  the  walls  of  the  stomach  into  the  large  vessel. 

§  44.  Sulphates. — If  the  acid  swallowed  should  have  been 
entirely  neutralised  by  antidotes,  such  as  chalk,  &c.,  it  becomes 
of  the  first  importance  to  ascertain,  as  far  as  possible,  by  means 

*  Archiv  der  Heilhinde  red.  v.  E.  Wagner,  1869.     Hft.  2,  S.  181. 

+  Wiener  Medicinal- Halle,  1861.    Jalir.  6.    No.  46. 

X  Virchow's  Archiv.  f.  Path.  Anat.,  1861.    Bd.  22,  Hft.  3  u.  4,  S.  237. 

§  Wien  Med.  Wochenschrift,  1862,  Nro.  35.    1863,  Nro.  5. 

31  Wien  Med.-Halle,  1864.    Nro.  29,  30. 
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Of  a  microscopical  examination,  the  nature  of  the  food  remaininc. 

ZZtlZ'tTV^^  probable  contrts  iS 

sulphates  of  the  food  thus  known  to  be  eaten.  It  will  be  found 
that  with  ordinary  food,  and  under  ordinary  circumstances  on^v 
small  percentages  of  combined  sulphuric  acij  can  bTpresent. 

As  an  example,  take  the  ordinary  rations  of  the  soldier,  viz.:- 
12  oz.  of  meat,  24  oz.  of  bread,  16  oz.  of  potatoes  8  oz  of 
other  vegetables;  with  sugar,  salt,  tea,  coffee,  and  wat^r  Now 
the™i  '  T'^'l^-''^  these  substances  were  eaten  at  a  me^I 
they  would  not  contain  more  than  from  8  to  10  grains  (-S-'G  grm  > 
of  anhydrous  sulphuric  acid,  in  the  form  of  sulphates. 

bo  far  as  the  contents  of  the  stomach  are  concerned,  we  have 
only  to  do  with  sulphates  introduced  in  the  food,  but  when  once 
the  food  passes  further  along  the  intestinal  canal,  circumstances 
are  altered  for  we  have  sulphur-holding  secretions,  which,  with 
ordinary  chemical  methods,  yield  sulphuric  acid.  Thus,  even  in 
the  newly-born  infant,  according  to  the  analyses  of  Zweifler 
the  mineral  constituents  of  meconium  are  especially  sulphate  of 
lime  with  a  smaller  quantity  of  sulphate  of  potash.  The  amount 
ot  bile  which  flows  into  the  whole  tract  of  the  intestinal  canal 
is  estimated  at  about  half  a  litre  in  the  24  hours;  the  amount 

S  ^^^^  ""^^'^^  to  3  per  cent.,  so  that 

in  500  cc.  we  might,  by  oxidising  the  sulphur,  obtain  from  -5  to 
^•0  grms.  of  sulphuric  anhydride. 

It  is  therefore  certain  that  large  quantities  of  organic  sulphur- 
compounds  may  be  found  in  the  human  intestinal  canal,  for 
with  individuals  who  suffer  from  constipation,  the  residues  of 
the  biliary  secretion  accumulate  for  many  days.  Hence,  if  the 
analyst  searches  for  sulphates  in  excretal  matters,  all  methods 
involving  destruction  of  organic  substances,  whether  by  fire 
or  by  fluid-oxidising  agents,  are  wrong  in  principle,  and  there 
is  nothing  left  save  to  separate  soluble  sulphates  by  dialysis, 
or  to  precipitate  direct  out  of  an  aqueous  extract. 

Again,  sulphate  of  magnesia  is  a  common  medicine,  and  so  is 
sodic  sulphate;  a  possible  medicinal  dose  of  magnesia  sulphate 
might  amount  to  56-7  grms.  (2  oz.),  the  more  usual  dose  being 
half  that  quantity.  Lastly,  among  the  insane  there  are  found 
patients  who  will  eat  plaster-of-Paris,  earth,  and  similar  matters, 
so  that,  in  special  cases,  a  very  large  amount  of  combined 
sulphuric  acid  may  be  found  in  the  intestinal  tract,  without  any 
relation  to  poisoning  by  the  free  acid;  but  in  such  instances 
it  must  be  rare,  indeed,  that  surrounding  circumstances  or 
pathological  evidence  will  not  give  a  clue  to  the  real  state  of 
afiairs. 
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II.—HYDROOHLORIO  ACID. 

§  45.  General  Properties. — Hydrochloric  acid,  otherwise  called' 
muriatic  acid,  spirit  of  salt,  is,  in  a  strictly  chemical  sense,  a  pure- 
gas,  composed  of  97-26  per  cent,  of  chlorine,  and  2-74  per  cent, 
of  hydrogen ;  but,  in  an  ordinary  sense,  it  is  a  liquid,  being  a, 
solution  of  the  gas  itself. 

Hydrochloric  acid  is  made  on  an  enormous  scale  in  the 
United  Kingdom,  the  production  being  estimated  at  about  a 
million  tons  annually. 

The  toxicology  of  hydrochloric  acid  is  modern,  for  we  have, 
no  evidence  that  anything  was  known  of  it  prior  to  the  middle 
of  the  seventeenth  century,  when  Glauber  prepared  it  in  solu- 
tion, and,  in  1772,  Priestley,  by  treating  common  salt  with 
sulphuric  acid,  isolated  the  pure  gas. 

The  common  liquid  hydrochloric  acid  of  commerce  has  a 
specific  gravity  of  from  1-15  to  1-20,  and  contains  usually  less, 
than  40  parts  of  hydrochloric  acid  in  the  100  parts.  The  strength 
of  pure  samples  of  hydrochloric  acid  can  be  told  by  the  specific 
gravity,  and  a  very  close  approximation,  in  default  of  tables, 
may  be  obtained  by  simply  multiplying  the  decimal  figures  o£ 
the  specific  gravity  by  200.  For  example,  an  acid  of  1-20' 
gravity  would  by  this  rule  contain  40  per  cent,  of  real  acidy 
for -20  X  200  =  40. 

The  commercial  acid  is  nearly  always  a  little  yellow,  from  the 
presence  of  iron  derived  from  metallic  retorts,  and  usually 
contains  small  quantities  of  chloride  of  arsenic,*  derived  from 
the  sulphuric  acid ;  but  the  colourless  hydrochloric  acid  specially 
made  for  laboratory  and  medicinal  use  is  nearly  always  pure. 

The  uses  of  the  liquid  acid  are  mainly  in  the  production  of 
chlorine,  as  a  solvent  for  metals,  and  for  medicinal  and  chemical 
purposes.    Its  properties  are  briefly  as  follows  : — 

It  is  a  colourless  or  faintly-yellow  acid  liquid,  the  depth  of 
colour  depending  on  its  purity,  and  especially  its  freedom  from 
iron.  The  liquid  is  volatile,  and  can  be  separated  from  fixed 
matters  and  the  less  volatile  acids  by  distillation;  it  has  a 
strong  attraction  for  water,  and  fumes  when  exposed  to  the 
air,  from  becoming  saturated  with  aqueous  vapour.  If  exposed 
to  the  vapour  of  ammonia,  extremely  dense  clouds  arise,  due 
to  the  formation  of  the  solid  ammonium  chloride.    The  acid, 

*  Some  samples  of  hj'drochloric  acid  have  been  found  to  contain  as  much 
as  4  per  cent,  of  chloride  of  arsenic,  but  this  is  very  unusual.  Glenard 
found  as  a  mean  2-5,  As2  Os  per  kilogramme. 


74  POISONS  :    THEIB  EFFECTS  AND  DETECTION.    [§  46,  47. 

boiled  with  a  small  quantity  of  manganese  binoxide,  evolves 
cniorme.  Dioxide  of  lead  has  a  similar  action ;  the  chlorine  may 
be  detected  by  its  bleaching  action  on  a  piece  of  paper  dipped 
in  indigo  blue ;  a  little  zinc-foil  immersed  in  the  acid  disengages 
Jiydrogen.  These  two  tests— viz.,  the  production  of  chlorine 
by  the  one,  and  the  production  of  hydrogen  by  the  other- 
separate  and  reveal  the  constituent  parts  of  the  acid.  Hydro- 
chloric acid,  in  common  with  chlorides,  gives  a  dense  precipitate 
with  silver  nitrate.  The  precipitate  is  insoluble  in  nitric  acid, 
but  soluble  in  ammonia;  it  melts  without  decomposition. 
Exposed  to  the  light,  it  becomes  of  a  purple  or  blackish  colour. 
Every  100  parts  of  silver  chloride  are  equal  to  26-43  of  hydro- 
chloric acid,  HOL,  and  to  63-5  parts  of  the  liquid  acid  of  specific 
gravity  1-20. 

The  properties  of  the  pure  hydrochloric  acid  gas  are  as  follows : — 
Specific  gravity  1-262,  consisting  of  equal  volumes  of  hydrogen 
and  chlorine,  united  without  condensation.  100  cubic  inches 
must  therefore  have  a  weight  of  39-36  grains.  The  gas  was 
liquefied  by  Faraday  by  means  of  a  pressure  of  40  atmospheres 
at  10° ;  it  was  colourless,  and  had  a  less  refractive  index  than 
water. 

Water  absorbs  the  gas  with  avidity,  100  volumes  of  water 
absorbing  48,000  volumes  of  the  gas,  and  becoming  142  volumes. 
The  solution  has  all  the  properties  of  strong  hydrochloric  acid, 
specific  gravity  1-21.  The  dilute  hydrochloric  acid  of  the  Phar- 
macopoeia should  have  a  specific  gravity  of  1  -052,  and  be  equi- 
valent to  10-58  per  cent,  of  HOL 

§  46.  Fatal  Dose. — The  dose  which  destroys  life  is  not  known 
"with  any  accuracy.  In  two  cases,  adults  have  been  killed  by 
14  grms.  (half  an  ounce)  of  the  commercial  acid ;  but,  on  the 
-other  hand,  recovery  is  recorded,  when  more  than  double  this 
quantity  has  been  taken.  A  girl,  fifteen  years  of  age,  died  from 
drinking  a  teaspoonful  of  the  acid.* 

§  47.  Amount  of  Free  Acid  in  the  Gastric  Juice. — Hydrochloric 
acid  exists  in  the  gastric  juice.  This  was  first  ascertained  by 
Proutf  in  1824 ;  he  separated  it  by  distillation.  The  observation 
was  afterwards  confirmed  by  Gmelin,  J  Ohildren,§  and  Bracconnot.|| 
On  the  other  hand,  Lehmann  IT  pointed  out  that,  as  the  stomach 


*  Brit.  Med.  Journ.,  March,  1871. 

■\  "  Philosophical  Transactions,"  1824,  p.  45. 

t  P.  Tiedmann and  L.  Gmelin,  "Z)ie  Verdauung nach  Vermchen."  Heidel- 
berg u.  Leipsic,  1826,  i. 

§  "  Annals  of  Philosophy, "  July,  1824. 

II  Ann.  de  Ohim.,  t.  lix.,  p.  348. 

ir  Journal  f.  Prdkt.  Chemie,  Bd.  xl.,  47. 
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secretion  contained,  without  a  doubt,  lactic  acid,  the  act  of 
distillation,  in  the  presence  of  this  lactic  acid,  would  set  free 
hydrochloric  acid  from  any  alkaline  chlorides.  Blondlot  and 
01  Bernard  also  showed  that  the  gastric  juice  possessed  no  acid 
which  would  dissolve  oxalate  of  lime,  or  develop  hydrogen 
when  treated  with  iron  filings;  hence  there  could  not  be  free 
hydrochloric  acid  which,  even  in  a  diluted  state,  would  respond 
to  both  these  tests.  Then  followed  the  researches  of  0.  Schmidt,* 
who  showed  that  the  gastric  secretion  of  men,  of  sheep,  and  of 
dogs  contained  more  hydrochloric  acid  than  would  satisfy  the 
'  bases  present ;  and  he  propounded  the  view,  now  generally  held, 
that  the  gastric  juice  does  not  contain  absolutely  free  hydro- 
chloric acid,  but  that  it  is  in  loose  combination  with  the  pepsin. 

The  amount  of  hydrochloric  acid  in  the  healthy  stomach 
varies  according  as  to  whether  digestion  is  actively  proceeding 
or  not,  and  entirely  depends  on  the  amount  of  gastric  juice. 
Schmidt  calculated  it  as  -2  per  cent,  of  the  fresh  juice.  In 
diseased  conditions,  however,  the  amount  may  be  greater,  for 
Hoppe-Seyler  t  states  that  in  2-5  litres  of  gastric  juice  from  a 
patient  with  notable  dilatation  of  the  stomach,  he  found  no 
lactic,  but  a  large  quantity  of  hydrochloric  acid,  so  large,  indeed, 
that,  with  moderate  heating  on  the  water  bath,  the  acid  was 
sufficiently  concentrated  to  blacken  the  organic  matters  with 
which  it  was  in  contact. 

§  48.  Influence  of  Hydrochloric  Acid  on  Vegetation. — Hydro- 
chloric acid  fumes,  if  emitted  from  works  on  a  large  scale,  injure 
vegetation  much.  In  former  years,  before  any  legal  obligations 
were  placed  upon  manufacturers  for  the  condensing  of  the 
volatile  products,  the  nuisance  from  this  cause  was  great.  In 
1823,  the  duty  on  salt  being  repealed  by  the  government,  an 
extraordinary  impetus  was  given  to  the  manufacture  of  hydro- 
chloric acid,  and  since  all  the  volatile  products  at  that  time 
escaped  through  short  chimneys  into  the  air,  a  considerable 
area  of  land  round  the  works  was  rendered,  quite  unfit  for 
growing  plants.  The  .present  law  on  the  subject  is,  that  the 
masimum  quantity  of  acid  escaping  shall  not  exceed  2  grains 
per  cubic  foot  of  the  air,  smoke,  or  chimney  gases ;  and  according 
to  the  reports  of  Dr.  Angus  Smith,  the  condensation  by  the 
improved  appliances  is  well  within  the  Act,  and  about  as  perfect 
as  can  be  devised. 

It  appears  from  the  reports  of  the  Belgian  commission  in 
1855,  when  virtually  no  precautions  were  taken,  that  the  gases 

*  Bidder  u.  Schmidt,  Verdauu7igs-Sdfte,  &c. 

t  "  Physiologische  Chemie,"  von  Dr.  Felix  Hoppe-Seyler,  Theil  ii.,  p.  220. 
Berlin,  1878. 
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^rJif"^^  '""j"""^,  vegetation  to  the  extent  of  2,000  metres 
Jb.ObU  yards)  around  any  active  works ;  the  more  watery  vapour 
the  air  contains  the  quicker  is  the  gas  precipitated  and  carried 
to  the  earth  If  the  action  of  the  vapour  is  considerable,  the 
leaves  of  plants  dry  and  wither;  the  chlorophyll  becomes 
modihed,  and  no  longer  gives  the  normal  spectrum,  while  a 
thickening  of  the  rind  of  trees  has  also  been  noticed.  The 
cereals  suffer  much ;  they  increase  in  stalk,  but  produce  little 
gram.  The  legummoste  become  spotted,  and  have  an  air  of 
dryness  and  want  of  vigour;  while  the  potato,  among  plants 
utilised  for  food,  appears  to  have  the  strongest  resistance. 
Vines  are  very  sensitive  to  the  gas.  Among  trees,  the  alder 
seems  most  sensitive ;  then  come  fruit-trees,  and  last,  the  hardy 
forest-trees— the  poplar,  the  ash,  the  lime,  the  elm,  the  maple, 
the  birch,  and  the  oak.* 

§  49.  Action  upon  Cloth  and  Manufactured  Articles. — On  black 
cloth  the  acid  produces  a  green  stain,  which  is  not  moist  and 
shows  no  corrosion.  On  most  matters  the  stain  is  more  or  less 
reddish;  after  a  little  time  no  free  acid  may  be  detected,  by 
simply  moistening  the  spot;  but  if  the  stain  is  cut  out  and 
boiled  with  water,  there  may  be  some  evidence  of  free  acid. 
The  absence  of  moisture  and  corrosion  distinguishes  the  stain 
from  that  produced  by  sulphuric  acid. 

§  50.  Poisonous  Effects  of  Hydrochloric  Acid  G-'as.— Eulenbergf 
has  studied  the  effects  of  the  vapour  of  this  acid  on  rabbits  and 
pigeons.  One  of  these  experiments  may  be  cited  in  detail. 
Hydrochloric  acid  gas,  prepared  by  heating  together  common 
salt  and  sulphuric  acid,  was  passed  into  a  glass  shade  supported 
on  a  plate,  and  a  rabbit  was  placed  in  the  transparent  chamber 
thus  formed.  On  the  entrance  of  the  vapour,  there  was  immediate 
blinking  of  the  eyes,  rubbing  of  the  paws  against  the  nostrils^ 
and  emission  of  white  fumes  with  the  expired  breath,  while  the 
respiration  was  irregular  (40  to  the  minute).  After  the  lapse  of 
ten  minutes,  the  gas  was  again  introduced,  until  the  atmosphere 
was  quite  thick ;  the  symptoms  were  similar  to  those  detailed 
above,  but  more  violent ;  and  in  fourteen  minutes  from  the 

*  Those  who  desire  to  study  more  closely  the  effect  of  acids  generally  on 
vegetation  may  consult  the  various  papers  of  the  alkali  inspectors  contained 
in  the  Local  Government  Reports.  See  also  Schubarth,  Die  saueren  Oase, 
vielche  Schwe/elmure  und  Soda-Fabriken  verbreiten.  Verhandliingen  de& 
Vereins  zur  Beforderung  des  Gewerhejieisses  in  Preussen,  1857,  S.  135. 
Dingler's  Journal,  Bd.  145,  S.  374-427. 

Christel,  Ueher  die  Einwirkung  von  Sciuren-Dampfen  auf  die  Ver/etation. 

Arch.  f.  Pharmacie,  1871,  p.  252. 

Vierteijahrsschriftfur  Oerichtliche  Medicin,  17  Bd.  S.  404,  1872. 
+  "  Geioerbe  Ilyrjidne."    Berlin,  1876,  S,  51. 
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commencement,  the  rabbit  sank  down  on  its  right  side  (respira- 
tions 32).  When  twenty-two  minutes  had  elapsed,  the  gas  was 
uo-ain  allowed  to  enter.  The  rabbit  now  lay  quiet,  with  closed 
eyes  and  laboured  respiration,  and,  finally,  after  half-an-hour  of 
intermittent  exposure  to  the  gas,  the  animal  was  removed. 

The  cornea,  were  opalescent,  and  the  eyes  filled  with  water ; 
there  was  frequent  shaking  of  the  head  and  working  of  the  fore- 
paws.  After  three  minutes'  exposure  to  the  air,  the  respirations 
Avere  found  to  be  128  per  minute;  this  quickened  respiration 
lasted  for  an  hour,  then  gave  place  to  a  shorter  and  more  superficial 
breathing.  On  the  second  day  after  the  experiment,  the  rabbit 
sufiered  from  laboured  respiration  (28  to  the  minute)  and  pain, 
and  there  was  a  rattling  in  the  bronchial  tubes.  The  animal 
died  on  the  third  day,  death  being  preceded  by  slow  respiration 
(12  to  the  minute). 

The  appearances  twenty-four  hours  after  death  were  as 
follows : — The  eyes  were  coated  with  a  thick  slime,  and  both 
cornea  were  opalescent ;  there  was  strong  rigidity  of  the  body. 
The  pia  mater  covering  the  brain  was  everywhere  hypersemic, 
and  at  the  hinder  border  of  both  hemispheres  appeared  a  small 
clot,  surrounded  by  a  thin  layer  of  bloody  fluid.  The  jylex.  venos 
spin,  was  filled  with  coagulated  blood,  and  there  was  also  a  thin 
extravasation  of  blood  covering  the  medulla  and  pons.  The 
lungs  were  mottled  bright  brown-red ;  the  middle  lobe  of  the 
right  lung  was  dark-brown,  solid,  and  sank  in  water ;  the  lower 
lobe  of  the  same  lung  and  the  upper  lobe  of  the  left  luilg  were 
nearly  in  a  similar  condition,  but  the  edges  were  of  a  bright-red. 
The  parenchyma  in  the  darker  places  on  section  did  not  crepitate. 
On  the  cut  surface  was  a  little  dark,  fluid,  weakly-acid  blood ; 
the  tracheal  mucous  membrane  was  injected.  The  heart  was 
filled  with  thick  coagulated  blood ;  the  liver  was  congested,  of  a 
reddish-brown  colour,  and  rich  in  dark,  fluid  blood  :  in  the  vena 
cava  inferior  was  coagulated  blood.  The  kidneys  Avere  not 
hypersemic ;  the  intestines  were  superficially  congested. 

I  think  there  can  be  little  doubt  that  the  symptoms  during 
life,  and  the  appearances  after  death,  in  this  case  are  perfectly 
consistent  with  the  following  view : — The  vapour  acts  first  as  a 
direct  irritant,  and  is  capable  of  exciting  inflammation  in  the 
lung  and  bronchial  tissues  ;  but  besides  this,  there  is  a  secondary 
efiect,  only  occurring  when  the  gas  is  in  sufiicient  quantity,  and 
the  action _  sufficiently  prolonged — viz.,  a  direct  coagulation  of 
the  blood  in  certain  points  of  the  living  vessels  of  the  lungs. 
The  consequence  of  this  is  a  more  or  less  general  backward 
engorgement,  the  right  side  of  the  heart  becomes  distended  with 
blood,  and  the  ultimate  cause  of  death  is  partly  mechanical.  The 
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hyperemia  of  the  brain  membranes,  and  even  the  hemorrhages 
are  quite  consistent  with  this  view,  and  occur  in  cases  where 
the  obstruction  to  the  circulation  is  of  a  coarser  and  more 
obvious  character,  and  can  therefore  be  better  appreciated. 

§  51.  Effects  of  the  Liquid  Acid.— There  is  one  distinction 
between  poisoning  by  hydrochloric  and  the  other  mineral  acids— 
namely,  the  absence  of  corrosion  of  the  skin.  Ad.  Lesser  *  has 
established  by  direct  experiment,  that  it  is  not  possible  to  make 
any  permanent  mark  on  the  skin  by  the  application  even  of  the 
strongest  commercial  acid  (40  per  cent.)  Hence,  in -any  case 
of  suspected  poisoning  by  acid,  should  there  be  stains  on  the 
lips  and  face  as  from  an  acid,  the  presumption  will  be  rather 
against  hydrochloric.  The  symptoms  themselves  differ  very- 
little  from  those  produced  by  sulphuric  acid.  The  pathological 
appearances  also  are  not  essentially  different,  but  hydrochloric 
is  a  weaker  acid,  and  the  extensive  disorganisation,  solution,, 
and  perforation  of  the  viscera,  noticed  occasionally  with  sulphuric 
acid,  have  never  been  found  in  hydrochloric  acid  poisoning. 
We  may  quote  here  the  following  case : — 

A  woman,  under  the  influence  of  great  and  sudden  grief— not 
unmixed  with  passion — drew  a  bottle  from  her  pocket,  and 
emptied  it  very  quickly.  She  immediately  uttered  a  cry, 
writhed,  and  vomited  a  yellow-green  fluid.  The  abdomen  also 
became  enlarged.  Milk  was  given  her,  but  she  could  not 
swallow  it,  and  death  took  place,  in  convulsions,  two  hours  after 
the  drinking  of  the  poison. 

The  post-viortem  appearances  were  briefly  as  follows  : — Mouth 
and  tongue  free  from  textural  change;  much  gas  in  the  abdomen, 
more  especially  in  the  stomach  ;  the  membranes  of  the  brain 
congested ;  the  lungs  filled  with  blood.  The  stomach  was 
strongly  pressed  forward,  of  a  dark  brown-red,  and  exhibiting 
many  irregular  blackish  spots,  varying  from  two  lines  to  half-an- 
inch  in  diameter  (the  spots  were  drier  and  harder  than  the 
rest  of  the  stomach) ;  the  mucous  membrane,  internally,  was 
generally  blackened,  and  changed  to  a  carbonised,  shaggy,  slimy 
mass,  while  the  organ  was  filled  with  a  blackish  homogeneous 
pulp,  which  had  no  odour.  The  gullet  was  also  blackened.  A 
considerable  quantity  of  hydrochloric  acid  was  separated  from 
the  stomach.! 

The  termination  in  this  instance  was  unusually  rapid.  In  a 
case  detailed  by  Casper,  J  in  which  a  boy  drank  an  unknown 

*  Virchow's  Archivf.  Path.  Anat.,  Bd.  83,  Hft.  2,  S.  215,  18S1. 
+  Preuss.  Med.  Vereinszeit.  u.  Friedericlis  Blatter  f.  Gerichtl.  Anthro- 
pologic, 1858,  Hft.  6,  S.  70. 

t  Case  230.— GerichtUche  Medicin,  6th  Ed.,  Berlin,  1876. 
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quantity  of  acid,  death  took  place  in  seven  hours.  In  Guy's. 
Hospital  museum,  the  duodenum  and  stomach  are  preserved  of 
a  patient  who  is  said  to  have  died  in  nine  and  a  half  hours  from, 
half  an  ounce  of  the  acid.  The  same  quantity,  in  a  case  related 
by  Taylor,  caused  death  in  eighteen  hours.  From  these  and 
other  instances,  it  may  be  presumed  that  death  from  acute 
poisoning  by  hydrochloric  acid  will  probably  take  place  within 
twenty-four  hours. 

§  52.  Post-mortem  Appearances. — The  pathological  appearances 
are  very  similar  to  those  found  in  the  case  already  detailed ; 
though  the  skin  of  the  face  may  not  be  eroded  in  any  way  by 
the  acid,  yet  the  more  delicate  mucous  membrane  of  the  mouth, 
gullet,  &c.,  appears  to  have  been  always  changed,  and  is  usually 
white  or  whitish-brown.  Perforation  of  the  stomach  has  not 
been  noticed. 

In  Guy's  Hospital  museum  (prep.  1,799^°),  the  stomach  and 
duodenum  of  the  case  mentioned  exhibit  the  mucous  membrane 
considerably  injected,  with  extravasations  of  blood,  which,  at  the 
time  when  the  preparation  was  first  arranged,  were  of  various 
hues,  but  are  now  somewhat  altered,  through  long  keeping  irt 
spirit.  In  St.  George's  Hospital  museum  (ser.  ix.,  43,  d.  200) 
are  preserved  the  stomach  and  part  of  the  duodenum  of  a 
person  who  died  from  hydrochloric  acid.  The  case  is  detailed 
in  the  Medical  Times  and  Gazette  for  1853,  vol.  ii.,  p.  513.  The 
whole  inner  surface  appears  to  be  in  a  sloughing  state,  and  the 
larynx  and  lung  were  also  inflamed. 

A  preparation,  presented  by  Mr.  Bowman  to  King's  College 
Hospital  museum,  exhibits  the  eifects  of  a  very  large  dose  of 
hydrochloric  acid.  The  gullet  has  a  shrivelled  and  worm-eaten, 
appearance  ■  the  stomach  is  injected  with  black  blood,  and  was 
filled  with  an  acid,  grumous  matter.* 

Looking  at  these  and  other  museum  preparations  illustrating- 
the  efiects  of  sulphuric  and  hydrochloric  acids,  !  was  unable 
(in  default  of  the  history  of  the  cases)  to  distinguish  between, 
the  two,  by  the  naked  eye  appearances,  save  in  those  cases  in. 
which  the  disorganisation  was  so  excessive  as  to  render  hydro- 
chloric acid  improbable.  On  the  other  hand,  the  changes  produced 
by  nitric  acid  are  so  distinctive,  that  it  is  impossible  to  mistake 
its  action  for  that  of  any  other  acid.  The  nitric  acid  pathological 
preparations  may  be  picked  out  at  a  glance. 

§  53.  Detection  and  Estimation  of  Free  Hydrochloric  Acid.~-Tlhe 
detection  of  free  hydrochloric  acid  presents  no  difficulty.  The 
contents  of  the  stomach  (or  a  watery  extract  of  the  latter)  are 
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■distilled,  and  the  distillate  precipitated  with  silver  nitrate 
solution.  It  is  perfectly  true  that  a  healthy  stomach  thus 
•treated  will  yield  a  distillate  giving  a  faint  cloud  with  silver 
nitrate ;  but  if  any  percentage  of  free  acid  is  in  the  stomach, 
as  in  cases  of  poisoning,  there  is  an  abundant  precipitate,  which 
may  be  collected  and  weighed  in  the  usual  manner.  It  may 
also  be  urged  that  if  free  sulphuric  acid  is  present,  or  if  there 
is  free  lactic  acid,  chlorides  by  distillation  may  be  broken  up 
and  yield  hydrochloric  acid.  This  is  certainly  the  case,  but  anyone 
engaged  in  practical  work  would  naturally  test  for  sulphuric  acid ; 
and  it  is  always  open,  where  there  is  doubt,  to  extract  the  free 
mineral  acids  by  quinine,  as  recommended  in  the  article  on 
;sulphuric  acid  (page  69). 

The  only  silver  precipitates  insoluble  in  nitric  acid,  when  the 
acid  contents  of  the  stomach  are  distilled,  are  cyanide  or  chloride 
of  silver.  The  properties  of  cyanide  of  silver  are  quite  different 
from  those  of  chloride  (see  the  article  on  the  cyanides),  and  the 
history  of  the  case  would  probably  be  Avidely  different.  On  the 
other  hand,  I  have  several  times  met  with  a  distillate  from  the 
stomach,  when  neutral,  giving  a  fair  precipitate  with  nitrate  of 
silver,  but  immediately  clissolving  on  the  addition  of  a  drop  of 
nitric  acid.  For  exact  quantitative  results,  it  will  be  necessary 
to  distill  to  dryness.  This  operation,  in  the  presence  of  much 
organic  matter,  is  best  conducted  in  the  perfect  vacuum  of  the 
mercury  pump  (see  fig.  8,  p.  63) ;  the  receiver  should  contain 
a  known  quantity  of  normal  soda  solution,  and  be  surrounded 
with  ice.  The  chlorine  in  the  distillate  may  be  estimated 
volumetrically  by  the  aid  of  a  volumetric  solution  of  nitrate  of 
silver,  using  as  an  indicator  neutral  chromate  of  potash.  (See 
vol.  i.,  "Analysis  of  Foods,"  p.  516). 

In  investigating  the  stains  from  hydrochloric  acid  on  fabrics, 
or  the  leaves  of  plants,  any  free  hydrochloi'ic  acid  may  be 
separated  by  boiling  with  water,  and  then  investigating  the 
aqueous  extract.  Should,  however,  the  stain  be  old,  all  free 
acid  may  have  disappeared,  and  yet  some  of  the  chlorine  remain 
in  organic  combination  with  the  tissue,  or  in  combination  with 
bases.  Dr.  Angus  Smith  has  found  weighed  portions  of  leaves, 
<fec.,  which  had  been  exposed  to  the  action  of  hydrochloric  acid 
fumes,  richer  in  chlorides  than  similar  parts  of  the  plants  not 
thus  exposed. 

The  most  accurate  method  of  investigation  is  to  cut  out  the 
stained  portions,  weigh  them,  and  burn  them  up  in  a  combustion- 
tube,  the  front  portion  of  the  tube  being  filled  with  caustic  lime 
known  to  be  free  from  chlorides ;  a  similar  experiment  must 
be  made  with  the  unstained  portions.    In  this  way  a  considerable 
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difference  may  often  be  found  ;  and  it  is  not  impossible,  in  some 
instances,  to  thus  detect,  after  the  lapse  of  many  years,  that 
certain  stains  have  been  produced  by  a  chlorine-holdmg  substance. 


III.— NITRIO  ACID. 

§  54.  Nitric  acid — commonly  known  in  England  as  aquafortis, 
chemically  as  nitric  acid,  hydric  nitrate,  or  nitric  mono-hydrate — is  a 
mono-hydrate  of  nitrogen  pentoxide,  (NgOg).  Two  equivalents,  or 
126  parts  of  nitric  acid  containing  108  of  NgO^,  and  18  of  HgO 
anhydrous  nitric  acid,  or  nitrogen  pentoxide,  can  be  obtained 
by  passing,  with  special  precautions,  dry  chlorine  over  silver 
nitrate.  The  products  are  free  oxygen  and  nitrogen  pentoxide, 
according  to  the  following  equation  : — 

Silver  Nitrate.    Ciilorine.     Silver  Chloride.     Nitrogen  Pentoxide.  Oxygen. 
AgaO.NaOfi  +  201.     =    2AgCl.         +       N2O5+  0 

By  surrounding  the  receiver  with  a  freezing  mixture,  the  acid 
is  condensed  in  crystals,  which  dissolve  in  water,  with  emission 
of  much  heat,  forming  nitric  acid.  Sometimes  the  crystals,  though 
kept  in  sealed  tubes,  decompose,  and  the  tube,  from  the  pressure 
of  the  liberated  gases,  bursts  with  a  dangerous  explosion. 

§  55.  Properties. — Pure  nitric  acid  has  a  specific  gravity  of 
1-52,  and  boils  at  98°.  Dr.  lire  examined  the  boiling  point  and 
other  properties  of  nitric  acid  very  fully.  An  acid  of  1  '5  gravity 
boils  at  98-8°;  of  specific  gravity  1-4:5,  at  115-5°;  specific  gravity 
1-40,  at  118-8°;  of  specific  gravity  1-42,  at  122-8°.  The  acid  of 
specific  gravity  1  -42  is  the  standard  acid  of  the  British  Pharma- 
copoeia. It  can  always  be  obtained  by  distilling  either  strong  or 
moderately  weak  nitric  acid ;  for,  on  the  one  hand,  the  acid  on 
distillation  gets  weaker  until  the  gravity  of  1-42  is  reached,  or, 
on  the  other,  it  becomes  stronger. 

There  is  little  doubt  that  acid  of  1-42  gravity  is  a  definite 
hydrate,  consisting  of  1  atom  of  dry  acid  and  4  atoms  of 
water ;  it  corresponds  to  75  per  cent.*  of  the  liquid  acid  HNO3. 
There  are  also  at  least  two  other  hydrates  known — one  an  acid 
of  1-485  specific  gravity,  corresponding  to  1  atom  of  dry  acid 

*  The  British  Pharmacopoeia  states  that  the  1-42  acid  equals  70  per  cent, 
of  HNO3 ;  but  this  is  not  in  accordance  with  Ure's  Tables,  nor  with  the 
facts. 


6 


82 


POISONS  :    THEIR  EFFECTS  AND  DETECTION.     [§  56-58. 


and  2  of  water,  and  an  acid  of  specific  gravity  1-334,  corresponding 
to  1  atom  of  dry  acid  and  7  atoms  of  water. 

In  Germany  the  officinal  acid  is  of  M85  specific  gravity, 
corresponding  to  about  30  per  cent  of  HNOg.  The  dilute  nitric 
acid  of  the  Pharmacopoeia  is  a  colourless  liquid,  of  specific  gravity 
1-101,  and  should  contain  about  19  per  cent  of  acid.  The  acids 
used  in  various  industries  are  known  respectively  as  dyers'  and 
engravers'  acid.  Dyers'  acid  has  a  gravity  of  1-33  to  1-34  (66°  to 
68°  Twad.),  that  is,  strength  from  56  to  58  per  cent,  of  HNO3. 
Engraver^  acid  is  stronger ;  being  of  1  -40  specific  gravity  (80'" 
Twad.) ;  and  contains  70  per  cent  of  HNO3.  Although  the  fure 
acid  of  commerce  is  (and  should  be)  almost  colourless,  most  com- 
mercial specimens  are  of  hues  from  yellow  up  to  deep-red.  An 
acid  saturated  with  red  oxides  of  nitrogen  is  often  known  as 
"fuming  nitric  acid." 

§  56.  Use  in  the  Arts. — Nitric  acid  is  employed  very  exten- 
sively in  the  arts  and  manufactures.  The  dyer  uses  it  as  a. 
solvent  for  tin  in  the  preparation  of  valuable  mordaunts  for 
calico  and  other  fabrics  ;  the  engraver  uses  it  for  etching  copper. 
It  is  an  indispensable  agent  in  the  manufacture  of  gun-cotton> 
nitro-glycerine,  picric  acid,  and  sulphuric  acid ;  it  is  also  used 
in  the  manufacture  of  tallow,  in  preparing  the  felt  for  hats,  and 
in  the  gilding  trades.  It  is  said  to  be  utilised  to  make  yellowisk 
or  fawn-coloured  spots  on  cigar  leaves,  so  as  to  give  them  the 
appearance  of  age  and  quality.    It  is  also  used  as  a  medicine. 

§  57.  Fatal  Dose. — The  dose  which  causes  death  has  not  been 
ascertained  with  any  exactness.  As  in  the  case  of  sulphuric 
acid,  we  may  go  so  far  as  to  say  that  it  is  possible  for  a  few 
di'ops  of  the  strong  acid  to  be  fatal,  for  if  brought  into  contact, 
with  the  vocal  apparatus,  fatal  spasm  of  the  glottis  might  be 
excited.  The  smallest  dose  on  record  is  7-7  grms.  (2  drachms), 
which  killed  a  child  aged  13. 

§  58.  Action  of  Nitric  Acid  on  Vegetation. — Nitric  acid  acts 
on  plants  injuriously  in  a  two-fold  manner — viz.,  by  direct  corro- 
sive action,  and  also  by  decomposing  the  chlorides  which  all 
plants  contain,  thus  setting  free  chlorine,  which  decomposes  and 
bleaches  the  chlorophyll.  The  action  is  most  intense  on  soft 
and  delicate  leaves,  such  as  those  of  clover,  the  cabbage,  and  all 
the  cruciferse.  The  tobacco  plant  is  particularly  injured  by  nitric 
acid.  Next  to  all  herbaceous  plants,  trees,  such  as  the  apple, 
pear,  and  fruit  trees,  generally  suffer.  The  coniferfe,  whether 
from  their  impregnation  with  resin,  or  from  some  other  cause, 
possess  a  considerable  resisting-power  against  nitric  acid  vapours, 
and  the  same  is  true  as  regards  the  cereals ;  in  the  latter  case, 
their  siliceous  armour  acts  as  a  preserving  agent. 
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S  59  Nitric  Acid  Vapoitr.—The  action  of  nitric  acid  in  a  state 
of  vapour,  as  evolved  by  warming  potassic  nitrate,  and  sulphuric 
acid  together,  has  been  studied  by  Eulenberg.  A  rabbit  was 
placed  under  a  shade  into  which  63  grains  of  nitric  acid  m  a 
state  of  vapour  were  introduced.  From  the  conditions  of  the 
experiment,  some  nitric  peroxide  must  also  have  been  present. 
Irritation  of  the  external  mucous  membranes  and  embarrassment 
in  breathing  were  observed.  The  animal  in  forty-five  minutes 
was  removed,  and  suff'ered  afterwards  from  a  croupous  bronchitis, 
from  which,  however,  it  completely  recovered  in  eleven  days.  A 
second  experiment  with  the  same  animal  was  followed  by  death. 
On  inspection,  there  was  found  strong  injection  of  the  cerebral 
membranes,  with  small  extravasations  of  blood ;  the  lungs  were 
excessively  congested ;  the  right  middle  lobe  especially  was  of 
a  liver-brown  colour,  and  empty  of  air  :  it  sank  in  water. 

0.  Lassar*  has  also  made  a  series  of  researches  on  the  influence 
of  nitric  acid  vapour,  from  which  he  concludes  that  the  acid  is 
not  absorbed  by  the  blood,  but  acts  only  by  its  mechanical 
irritation,  for  he  could  not  trace,  by  means  of  an  exainination  of 
the  urine,  any  evidence  of  such  absorption. 

There  are  a  few  instances  on  record  of  the  vapour  having  been 
fatal  to  men;  for  example,  the  well-known  case  of  Mr.  Haywood, 
a  chemist  of  Shefl&eld,  may  be  cited.  In  pouring  a  mixture 
of  nitric  and  sulphuric  acids  from  a  carboy  of  sixty  pounds' 
capacity,  the  vessel  broke,  and  for  a  few  minutes  he  inhaled  the 
mixed  fumes.  He  died  eleven  hours  after  the  accident,  although 
for  the  first  three  hours  there  were  scarcely  any  symptoms  of 
an  injurious  effect  having  been  produced.  On  inspection,  there 
was  found  intense  congestion  of  the  windpipe  and  bronchial 
tubes,  with  effusion  of  blood  in  the  latter.  The  lining  mem- 
brane of  the  heart  and  aorta  was  inflamed ;  unfortunately,  the 
larynx  was  not  examined.! 

A  very  similar  case  happened  in  Edinburgh  in  1864.f  Two 
young  men  were  carrying  a  jar  of  nitric  acid  ;  the  jar  broke,  an)d 
they  attempted  to  wipe  up  the  acid  from  the  floor.  The  one 
died  ten  hours  after  the  accident,  the  other  in  less  than  twenty- 
four  hours.  The  symptoms  were  mainly  those  of  difficult  breath- 
ing, and  it  is  probable  that  death  was  produced  from  suffocation. 
Dr.  Taylor  relates  also,  that  having  accidentally  inhaled  the 
vapour  in  preparing  gun-cotton,  he  suffered  from  severe  constric- 

'  Hoppe-Seyler's  Zeitschrift  f.  Physiol.  CJiemie.,  Bd.  i.,  S.  165-173, 
1877-78. 

+  Lancet,  April  15,  1854,  p.  430. 

t  Chemical  News,  March  14,  1863,  p.  132. 
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JLTnfweek.*"'''  -^g^'  for  more 

§  60.  ^^ec^s  of  Liquid  Nitric  ^ac^. -Poison W  by  nitric  acid 
though  stil  rare  is  naturally  more  frequent  thaf  taerlv  At 
the  beginning  of  this  century,  Tartraf  wrote  a  moS^  excellent 
monograph  on  the  subject,  and  collated  all  the  Tases  he  cou?d 
find,  from  the  first  recorded  instances  related  by  Bembo  jln 
Venetian  history,  down  to  his  own  time.    The  number  of  dP^+V,^ 
m  those  400  years  was  but  55,  while,  in  our  century  at  leas 
60  can  be  numbered.    Most  of  these  (74  per  cent )  are  suicWal 
a  very  few  homicidal,  the  rest  accidental     In  o^  of  Ta  tra's 
cases,  some  nitric  acid  was  placed  in  the  wine  of  a  drunken 
woman,  wi  h  fatal  eflfect.    Osenbruggen§  relates  the  case  of  a 
father  murdering  his  six  children  by  means  of  nitric  acid ;  and  0. 
A.  Buchnerll  that  of  a  soldier  who  poured  acid  into  the  mouth  of 
his  illegitimate  infant.    A  curious  case  is  one  in  which  a  man 
poisoned  his  drunken  wife  by  pouring  the  acid  into  her  rio-ht 
ear ;  she  died  after  six  weeks'  illness.    All  these  instances  prove 
again,  if  necessary,  that  the  acid  is  only  likely  to  be  used  with 
murderous  intent  in  the  case  of  young  children,  or  of  sleeping 
drunken,  or  otherwise  helpless  people. 

As  an  example  of  the  way  in  which  accidents  are  brought 
about  by  heedlessness,  may  be  cited  the  recent  case  of  a  woman 
who  bought  a  small  quantity  of  aqua  fortis  for  the  purpose  of 
allaying  toothache  by  a  local  application.  She  attempted  to 
pour  the  acid  direct  from  the  bottle  into  the  cavity  of  the  tooth  • 
the  acid  went  down  her  throat,  and  the  usual  symptoms  followed' 
She  threw  up  a  very  perfect  cast  of  the  gullet  (preserved  in 
University  College  museum),  and  rapidly  died.  Nitric  acid  has 
been  mistaken  for  various  liquids,  and  has  also  been  used  by 
injection  as  an  abortive,  in  every  respect  having  a  toxicological 
history  similar  to  that  of  sulphuric  acid. 

§  61.  Local  ^c/!io?z.— When  strong  nitric  acid  comes  in  contact 
with  organic  matters,  there  is  almost  constantly  a  development 
of  gas.  The  tissue  is  first  bleached,  and  then  becomes  of  a  more 
or  less  intense  yellow  colour.  Nitric  acid  spots  on  the  skin  are 
not  removed  by  ammonia,  but  become  of  an  orange-red  when 

*  "Principles  and  Practice  of  Medical  Jurisprudence,"  vol.  i.,  1873, 
p.  218.  ' 

+  Tartra,  A.  E.  Dr.,  TraiU  de  V Empoisonnement  par  I'Acide  Nitriaue. 
Pans,  An.  10,  (1802),  pp.  300.  ^  2 

X  Bembo  Cardinalis,  Berum  Venetarium  Historice,  lib.  xii..  lib.  i.  p.  12 
Paris  Ed.,  1551.  '         '  ^  ' 

§  Allgem-Deutsche  Strafrechtszeitung,  herausgeg.  v.  Frz.  v.  HoUundorfT. 
5  Jahrg.,  1865,  Hft.  5,  S.  273.  d  a 

II  Friederich's  Blatter  f.  Oer.  Med.,  1866,  Hft.  3,  S.  187. 
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moistened  with  potash  and  a  solution  of  cyanide  of  potash.  The 
veTlow  colour  seems  to  show  that  picric  acid  is  one  of  the 
constant  products  of  the  reaction;  sulphide  of  ammonium  forms 
^sort  of  soap  with  the  epidermis  thus  attacked,  and  detaches  it. 

S62  Symptoms.— The  symptoms  and  course  of  nitric  acid 
Doisonin-  differ  in  a  few  details  only  from  those  of  sulphuric 
acid  There  is  the  same  instant  pain  and  frequent  vomiting, 
destruction  of  the  mucous  membranes,  and,  in  the  less  severe 
cases,  after-contraction  of  the  gullet,  &c.  _ 

One  of  the  differences  in  the  action  of  nitric  and  sulphuric 
acids  is  the  constant  development  of  gas  with  the  former.  This, 
without  doubt,  adds  to  the  suffering.  Tartra  made  several 
experiments  on  dead  bodies,  and  showed  that  very  considerable 
distention  of  the  intestinal  canal,  by  gaseous  products,  was  the 
constant  result ;  the  tissues  were  corroded  and  almost  dissolved, 
being  transformed,  ultimately,  into  a  sort  of  greasy  paste.  The 
vomited  matters  are  of  a  yellow  colour,  unless  mixed  with  blood, 
when  they  are  of  a  dirty-brown  hue,  with  shreds  of  yellow 
mucous,  and  have  the  strong  acid  reaction  and  smell  of  nitric  acid. 
The  teeth  may  be  partially  attacked  from  the  solvent  action  of 
the  acid  on  the  enamel.  The  fauces  and  tongue,  at  first  blanched, 
soon  acquire  a  citron-yellow,  or  even  a  brown  colour ;  the  whole 
cavity  may  swell  and  inflame,  rendering  the  swallowing  of  liquids 
difficult,  painful,  and  sometimes  impossible.  The  air  passages 
may  also  become  affected,  and  in  one  case  tracheotomy  was 
performed  for  the  relief  of  the  breathing.*  The  stomach  rejects 
all  remedies ;  there  are  symptoms  of  collapse  ;  quick,  weak  pulse, 
frequent  shivering,  obstinate  constipation,  and  death  (often  pre- 
ceded by  a  kind  of  stupor),  in  from  eighteen  to  twenty-four  hours. 
The  intellectual  faculties  remain  clear,  save  in  a  few  rare  instances. 

0.  A.  Wunderlich  has  recorded  an  unusual  case,  in  which  the 
symptoms  were  those  of  dysentery,  and  the  large  intestine  was 
found  acutely  inflamed,  while  the  small  one  was  little  affected. 
The  kidneys  had  the  same  appearance  as  in  Bright's  disease,  t  The 
smallest  fatal  dose  given  by  Taylor  is  from  two  drachms,  which 
killed  a  child  aged  13  years.  Should  the  dose  of  nitric  acid  be 
insufficient  to  kill  at  once,  or,  what  amounts  to  the  same  thing, 
should  the  acid  be  immediately  diluted  with  water,  or  in  some 
way  be  neutralised,  the  patient,  as  in  the  case  of  sulphuric  acid, 
may  yet  die  at  a  variable  future  time  from  stenosis  of  the  gullet, 
impaired  digestion,  &c.  For  example,  in  an  interesting  case 
related  by  Tartra,  J  a  woman,  who  had  swallowed  42  grms. 

*  Amott,  Med.  Gaz. ,  vol.  xii. ,  p.  220. 

t  De  Actionibus  quihusdam  Acidi  Nitrici  Caustico  m  Corpus  Humanum 
immissi.    Proqramma  Accuhm.    Lipsife,  1857,  4.  t  Op.  cit. 
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quantity  of  wlf  ^^^^  feeling  acute  pain,  took  immediately  a 
?nto  Wn-fl     1     '  ^^""^  afterwards  was  admitted 

into  hospital,  where  she  received  appropriate  treatment.  7t  the 

while  returned':  ^  '''''  '''''^''^^  ^^^^ '  ^littie 

rxtreme  wpnV  '  T  re-admitted,  suffering  from  marasmus, 
Thp  T/  ^""^^  vomiting ;  ultimately  she  died 

tt  int7rr  ^^r\r'^'^  ^^^^^^^^^  conLction  of 

the  intestinal   canal  throughout.     The  lumen  would  hardly 

intestine  and  adherent  to  adjacent  organs;  on  its  internal 
surface  ti.ere  were  spots,  probably  cicatrices    there  were  also 

casTfs'relSt*"!  ^l'^'  ^'somewhlt  ^Ltkr 

case  IS  related  by  the  same  author  in  his  thirteenth  observation. 

§  b6.  Fost-mortem  Appearances.-The  pathological  changes  in 
the  tongue,  gullet  and  stomach  can  be  readily  studied  from  the 
pieparations  m  the  different  museums.  The  staining  by  the 
nitric  acid  appears  unchanged  to  the  naked  eye  for  many  years  • 
hence,  most  of  the  nitric  acid  preparations  are  in  an  excellent 
state  of  preservation.  A  very  good  example  of  the  pathological 
changes  is  to  be  found  in  Nos.  1049  and  1050,  University 
Oollege  museum. 

No  1049  presents  the  tongue,  pharynx,  and  larynx  of  a  man 
who  had  swallowed  a  teacupful  of  nitric  acid,  the  epithelium 
ot  the  oesophagus  is  for  the  most  part  wanting,  and  hangs  in 
shreds ;  the  dorsum  of  the  tongue,  in  front  of  the  circumvallate 
papilia3,  IS  excavated,  and  over  its  central  part  superficially  . 
ulcerated ;  m  other  places  the  tongue  is  encrusted  with  a  thick, 
loose,  fawn-coloured  layer,  formed  probably  of  desquamated 
epithelium.  The  whole  of  the  mucous  surface  is  stained  of  a 
dirty  yellow. 

N'o.  1,050  is  a  preparation  showing  the  tongue,  gullet,  and 
stomach  of  a  person  who  died  from  the  effects  of  nitric  acid. 
The  tongue  m  places  is  smooth  and  glazed ;  in  others,  slightly 
depressed  and  excavated.  On  the  anterior  wall  and  lower 
portion  of  the  gullet  tAvo  large  sloughs  exist. 

_  Although  perforation  of  the  stomach  is  not  so  common  with 
nitric  as  with  sulphuric  acid,  such  an  accident  may  occur,  as 
shown  in  a  preparation  at  Guy's  Hospital,  in  which  there  is 
a  perforation  at  the  cardiac  end.  All  the  mucous  membrane  has 
disappeared,  and  the  inner  surface  is  for  the  most  part  covered 
with  flocculent  shreds.  Three  ounces  of  nitric  acid  are  said  to 
have  been  swallowed,  and  the  patient  lived  seventeen  hours. 
There  is  the  usual  staining. 

In  St.  Bartholomew's  museum,  there  is  a  very  good  specimen 
(No.  1,870)  of  the  appearances  in  the  gullet  and  stomach  after 
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•  •„ „  hxr  Tii-tric  acid  The  case  is  detailed  in  St.  Bartholomew's 
g,isomng  by  n^^^^^^^^         J-  ^^^^  ^.^^^  l,,^rs  after 

SS  onfi  o?  nitric  acid.  The  whole  mucous  mem- 
r™^^  or  rather  ploughed,  into  longitudinal  furrows; 
the  yellow  discoloration  stops  abruptly,  with  an  irregular 
border  at  the  commencement  of  the  stomach,  the  epithelial  and 
Mucous  coats  of  which  are  wanting-its  surface  being  rough  and 

of  a  brownish-red  colour.  „      ,  .    ,  i  f 

The  following  preparations  are  to  be  found  m  the  museum  ol 
the  London  Hospital:-A.  c.  1.  and  A.  b.  8.-A.  c.  1.  shows  the 
pharynr-sophrguB,  larynx,,  and  stomach  of  a  young  woman 
who,^aft;r  taking  half  an  ounce  of  nitric  acid,  died  m  eight  hours 
The  stainincr  is  very  intense;  as  an  unusual  feature  it  may  be 
noted  that"  the  larynx  is  almost  as  yellow  as  the  03Sophagus. 
The  abrasion  or  solution  of  the  epitheUum  on  the  dorsum  of  the 
-tono-ue  has  dissected  out  the  circumvallate  and  fungiform 
papillae,  so  that  they  project  with  unusual  distinctness.  The 
lining  membrane  of  the  gullet  throughout  is  divided  into  minute 
squares  by  longitudinal  and  transverse  furrows.  The  mucous 
membrane  of  the  stomach  appears  wholly  destroyed,  and  presents 

a  Avoolly  appearance. 

A  b  8  shows  a  very  perfect  cast  of  the  oesophagus.  ihe 
case"  was  that  of  a  woman,  aged  35,  who  swallowed  half 
an  ounce  of  nitric  acid.  The  symptoms  for  the  first  four  days 
were  the  usual  pain  in  the  throat  and  stomach,  which  might  be 
expected ;  the  bowels  were  freely  open,  and  the  stools  dark  and 
offensive.  On  the  sixth  day,  there  was  constant  vomiting  with 
■offensive  breath  ;  on  the  ninth,  the  appearance  of  the  patient 
was  critical,  and  she  threw  up  the  cast  preserved.  She  died  on 
the  tenth  day  after  the  taking  of  the  acid.  The  gullet,  stomach, 
trachea,  and  larynx  were  found  after  death  much  inflamed. 

The  following  preparations  are  in  St.  Thomas'  Hospital  : — 
P.  5.— a  stomach  with  gullet  attached.  The  stomach  is  covered 
with  yellowish-green  patches  of  false  membrane  and  deposit ;  the 
gullet  has  the  usual  longitudinal  furrows  so  characteristic  of 
corrosive  fluids. 

P.  6.  is  also  from  a  case  of  nitric  acid  poisoning.  It  shows  the 
lining  membrane  of  the  stomach  partly  destroyed  and  shreddy, 
yet  but  little  discoloured,  the  hue  being  a  sort  of  delicate  fawn. 

§  64.  Detection  and  Estimation  of  Nitric  Acid.— The  detection 
either  of  free  nitric  acid  or  of  its  salts  is  not  difficult.  Free 
nitric  acid,  after  preliminary  estimation  of  the  total  acidity  by 
decinormal  soda,  may  be  separated  by  the  quinine  process  given 
at  page  69.  On  precipitation  of  the  quinine  by  ammonia  or 
soda  solution,  the  nitrate  of  ammonia  or  soda  (and,  it  may  be, 
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Other  similarly  combined  acids)  remain  in  solution    Tf  fr..  ^  •+  • 

(1.)  Nitrates,  treated  with  mercury  or  copper  and  ^fmncr 

^  ''i*''^*^  dissolved  in  a  small  quantity  of  water  with  the 
Sot'vlndTr^'  f  f™^  f^P^^*^  to'^artiaU; 
a  fuSVith  f  v.'*'^^-  '"^P^^"™  acid-poured  through 

so  as  to  forrt  .         tube  dipping  to  the  bottom  of  the  tesWube, 
so  as  to  form  a  layer  at  the  bottom-strikes  a  brown  colour  at 
the  junction  of  the  hquid.    When  the  test  is  properly  performed 
there  will  be  three  layers-the  uppermost  beLgTe  Sate 

acM    the  '  '''T'  ^"^P^"^^'  l°--t  sulphur  : 

acid    the  middle  layer  becomes  of  a  smoky  or  black  hue,  if  a 

Reaction''  ^"c^i  ^^^^  the 

(3  )  Nitrates  in  solution,  treated  in  the  cold  with  a  zinc  copper 
couple,  are  decomposed  first  into  nitrites,  and  then  into  ammonia. 
Ihe  nitrites  may  be  detected  by  a  solution  of  metaphenyl- 
diamine,  which  strikes  a  red  colour  with  an  infinitesimal 
quantity.  Jlence,  a  solution  which  gives  no  red  colour  with 
meta-phenyldiamine,  when  submitted  to  the  action  of  a  zinc 
copper  couple,  and  tested  from  time  to  time,  cannot  contain 
\  a'-  J^itrates  were  originally  present. 

(4.)  Nitrates,  on  being  treated  with  strong  sulphuric  acid,  and 
then  a  solution  of  mdigo  carmine  dropped  in,  as  described  in  vol.  i. 

±oods  p.  521,  IS  also  a  very  useful  test— not  conclusive  in  itself, 
but  readily  applied,  and  if  the  quinine  method  of  separation  has 
been  resorted  to,  with  few  sources  of  error. 

There  is  a  process  of  separating  nitric  acid  direct  from  any 
organic  tissue,  which  may  sometimes  be  useful Place  the 
substance  in  a  strong,  wide-mouthed  flask,  closed  by  a  caoutchouc 
cork,  and  m  the  flask  put  a  small,  short  test-tube,  charged  with 
a  strong  solution  of  ferrous  chloride  in  hydrochloric  acid.  The 
flask  IS  connected  to  the  mercury  pump  (fig.  8,  p.  53),  and  made 
perfectly  vacuous  by  raising  and  lowering  the  reservoir.  When 
this  is  eflFected,  the  tube  SS'P  is  adjusted  so  as  to  deliver  any 
gas  evolved  into  a  eudiometer,  or  other  gas-measuring  apparatus. 
By  a  suitable  movement  of  the  flask,  the  acid  ferrous  chloride  is 
allowed  to  come  in  contact  with  the  tissue,  a  gentle  heat  applied 
to  the  flask,  and  gases  are  evolved.  These  may  be  carbon 
dioxide,  nitrogen,  and  nitric  oxide.    On  the  evolution  of  gas 
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eeasincr,  the  carbon  dioxide  is  absorbed  by  passing  up  under  the 
mercury  a  little  caustic  potash.  When  absorption  is  complete, 
the  gas,  consisting  of  nitrogen  and  nitric  oxide,  may  be  measured. 
A  bubble  or  two  of  oxygen  is  now  passed  into  the  eudiometer; 
if  nitric  oxide  is  present,  red  fumes  at  once  develop.  On  absorb- 
ing the  excess  of  oxygen  and  the  nitric  peroxide  by  alkaline 
pyrogallate,  and  measuring  the  residual  gas,  it  is  easy  _  to 
calculate  how  much  nitric  oxide  was  originally  present,  according 
to  the  principles  laid  down  in  vol.  i.  of  the  present  work,  p.  533. 

It  is  also  obvious  that,  by  treating  nitric  oxide  with  oxygen, 
and  absorbing  the  nitric  peroxide  present  by  an  alkaline  liquid  of 
known  strength  and  free  from  nitrates  or  ammonia,  the  resulting 
solution  may  be  dealt  with  by  a  zinc  copper  couple,  and  the 
ammonia  developed  by  the  action  of  the  couple,  directly  estimated 
by  titration  by  a  decinormal  hydrochloric  acid,  if  large  in 
quantity,  or  by  "  nesslerising,"  if  small  in  quantity.  Crum's 
method  of  estimating  nitrates  (vol.  i.,  p.  520)  in  the  cases  of 
minute  stains  on  fabrics,  &c.,  with  a  little  modification,  maj 
be  occasionally  applicable. 


IV.— AMMONIA. 


§  65.  Ammonia,  (NHg),  is  met  with  either  as  a  vapour  or  gas, 
or  as  a  solution  of  the  pure  gas  in  water ;  the  gas  may  also  be 
found  as  a  liquid. 

Properties. — Pure  ammonia  gas  is  colourless,  with  a  strong, 
irritating,  pungent  odour,  forming  white  fumes  of  ammonio 
chloride,  if  exposed  to  hydric  chloride  vapour,  and  turning  red 
moist  litmus  paper  strongly  blue.  By  intense  cold,  or  by  a, 
pressure  of  6J  atmospheres  at  the  ordinary  temperature,  the 
gas  is  readily  liquefied ;  the  liquid  ammonia  boils  at  38° ;  its 
observed  specific  gravity  is  -731 ;  it  freezes  at  — 57-1°.  Ammonia 
is  readily  absorbed  by  water ;  at  0°  water  will  take  up  1,000 
times  its  own  volume,  and  at  ordinary  temperatures  about 
600  times  its  volume.  Alcohol  also  absorbs  about  10  per  cent. 
Ammonia  is  a  strong  base,  and  forms  a  number  of  salts. 
Ammonia  is  one  of  the  constant  products  of  the  putrefaction 
of  nitrogenous  substances ;  it  exists  in  the  atmosphere  in  small 
proportions,  and  in  everything  that  contains  water.  Indeed, 
water  is  the  only  compound  equal  to  it  in  its  universality  of 
diffusion.  The  minute  quantities  of  ammonia  thus  diffused 
throughout  nature  are  probably  never  in  the  free  state,  but 
combinations  of  ammonia  with  hydric  nitrate,  carbon  dioxide,  &c. 
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§  66.  Uses.*— A  solution  of  ammonia  in  water  has  many 
applications  m  the  arts  and  industries ;  it  is  used  in  medicine, 
and  is  an  indispensable  laboratory  reagent. 

The  officinal  caustic  preparations  of  ammonia  are— ammonia; 
iiquorjortior  {strong  solution  of  ammonia),  which  should  contain 
per  cent,  of  ammonia,  and  have  a  specific  gravity  of  -891. 

Liquor  ammonia}  {solution  of  ammonia),  specific  gravity  -959 
-and  containing  10  per  cent,  of  ammonia.    There  is  also  a  lini- 
ment of  ammonia,  composed  of  olive-oil  3  parts,  and  ammonia 
1  part. 

Strong^  solution  of  ammonia  is  an  important  ingredient  in 
the  "  linimentum  camphoroi  composita"  {compound  liniment  of 
camphor),  the  composition  of  which  is  as  follows :— camphor, 
2-5  parts;  oil  of  lavender,  -125;  strong  solution  of  ammonia,  6-0; 
and  rectified  spirit,  15  parts.  Its  content  of  strong  solution  of 
ammonia  is  then  about  22-6  per  cent,  (equivalent  to  7-3  of  NHg).! 

The  Carbonate  of  Ammonia  is  also  caustic;  its  formula  is  pro- 
bably (NH,)  2CO3  -t-  2(NH4,  HOO3)  +  2H,0.  It  is  in  the  form  of 
colourless,  crystalline  masses ;  the  odour  is  powerfully  ammon- 
iacal;  it  is  strongly  alkaline,  and  the  taste  is  acrid.  It  com- 
pletely volatilises  with  heat,  is  soluble  in  water,  and  somewhat 
soluble  in  spirit. 

The  officinal  preparation  is  the  "  sjnritus  ammonice  aromaticus," 
or  aromatic  spirit  of  ammonia.  It  is  made  by  distilling  ammonic 
carbonate,  8  parts ;  strong  solution  of  ammonia,  4  parts ;  rectified 
spirit,  120  parts;  water,  60  parts;  volatile  oil  of  nutmeg,  5  parts; 
and  oil  of  lemon,  -75  part.  The  distillation  is  stopped  when  140 
parts  have  distilled  over;  it  hence  follows  that  the  aromatic 
spirit  of  ammonia  is  a  solution  of  neutral  carbonate,  flavoured 
with  oil  of  lemon  and  nutmeg  in  a  weak  spirit. 

Smelling  salts  {sal  volatile)  are  composed  of  carbonate  of 
ammonia. 

§  67.  Statistics. — Falck  has  found  throughout  literature,  notices 
of  thirty  cases  of  poisoning  by  ammonia,  or  some  of  its  prepara- 
tions. In  two  of  these  it  was  used  as  a  poison  for  the  purpose 
of  murder,  and  in  eight  with  suicidal  intent ;  the  remainder 
were  all  accidental.  The  two  criminal  cases  were  those  of 
children,  who  both  died.  Six  out  of  eight  of  the  suicidal,  and 
twelve  of  the  twenty  accidental  cases,  also  terminated  fatally. 

*  Dr.  W.  B.  Eichardson  has  shown  that  ammonia  possesses  powerful 
antiseptic  properties.— Med.  Journal,  1862. 

t  There  is  a  common  liniment  for  horses  used  in  stables,  and  popularly 
known  as  "white-oil."  It  contains  1  part  of  ammonia,  and  4  jiarts  of  olive  or 
rape-oil ;  not  unfrequently  turpentine  is  added.  Another  veterinary  lini- 
ment, called  "egg-oil,"  contains  ammonia,  oil  of  origanum,  turpentine,  and 
the  yelks  of  eggs. 
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Ammonia  occupies,  in  order  of  frequency,  about  tlie  thirteenth 
place  of  all  poisons  in  England  at  the  present  time.  _ 

8  68  Poisoning  by  Ammonia  Fajwur.— Strong  ammoniacai 
vapour  is  fatal  to  both  animal  and  vegetable  life.  There  are, 
however,  but  few  instances  of  poisoning  by  ammonia  vapour, 
and  the  few  cases  which  have  occurred  have  been,  without  excep- 
tion, the  result  of  accident.  Two  cases  of  death  are  recorded, 
due  to  an  attempt  to  rouse  epileptics  from  stupor,  by  an  injudi- 
cious use  of  strong  ammonia  applied  to  the  nostrils.  In  another 
case,  when  hydrocyanic  acid  had  been  taken,  there  was  the 
same  result.  An  instance  is  also  on  record  of  poisonous  eflfects 
from  the  breaking  of  a  bottle  of  ammonia,  and  the  sudden 
evolution  in  this  way  of  an  enormous  volume  of  the  caustic  gas. 
Lastly,  a  man  employed  in  the  manufacture  of  ice,  by  means  of 
the  liquefaction  of  ammonia  (Carrels  process),  breathed  the 
vapour,  and  had  a  narrow  escape  for  his  life. 

§  69.  Symptoms. — The  symptoms  observed  in  the  last  case 
may  well  serve  as  a  type  of  what  may  be  expected  to  occur  after 
breathing  ammonia  vapour.  The  man  remained  from  five  to 
ten  minutes  in  the  stream  of  gas;  he  then  experienced  a  feeling 
of  anxiety,  and  a  sense  of  constriction  in  the  epigastrium, 
burning  in  the  throat,  and  giddiness.  He  vomited.  The  pulse 
was  small  and  frequent,  the  face  pale,  the  mouth  and  throat 
strongly  reddened,  with  increased  secretion.  Auscultation  and 
percussion  of  the  chest  elicited  nothing  abnormal,  although 
during  the  course  of  four  days  he  had  from  time  to  time 
symptoms  of  suffocation,  which  were  relieved  by  emetics. 
He  recovered  by  the  eighth  day.* 

In  experiments  on  animals,  very  similar  symptoms  are  pro- 
duced. There  is  increased  secretion  of  the  eyes,  nose,  and  mouth, 
with  redness.  The  cry  of  cats  becomes  remarkably  hoarse,  and 
they  generally  vomit.  Great  difficulty  in  breathing  and  tetanic 
convulsions  are  present.  When  the  animal  is  confined  in  a  small 
closed  chamber,  death  takes  place  in  about  a  quarter  of  an  hour. 

On  section,  the  bronchial  tubes,  to  the  finest  ramifications,  are 
found  to  be  filled  with  a  tenacious  mucous,  and  the  air  passages, 
from  the  glottis  throughout,  reddened.  The  lungs  are  emphy- 
sematous, but  have  not  always  any  special  colour ;  the  heart 
contains  but  little  coagulated  blood ;  the  blood  has  a  dark-red 
colour. 

§  70.  The  chronic  effects  of  the  gas,  as  shown  in  workmen 
engaged  in  manufactures  in  which  the  fumes  of  ammonia  are 
frequent,  appear  to  be  an  inflammation  of  the  eyes  and  an 


*  Schmidt's  Jahrbuch,  1872,  i.,  S.  30. 
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aflfection  of  the  skin.  The  latter  is  thought  to  be  due  to  the 
ammoma  umting  to  form  a  soap  with  the  oil  of  the  lubricating 
skm  glands  Some  observers  have  also  noticed  deafness,  and! 
peculiar  colour  of  the  skm  of  the  nose  and  forehead,  among 
those  who  work  m  guano  manufactories.  Its  usual  action  on 
the  body  appears  to  be  a  diminution  of  the  healthy  oxidation 
changes,  and  a  general  lowering  of  bodily  strength,  with  evident 
anaemia. 

§  71.  Ammonia  in  Solution.— Action  on  Pfewfe.— Solutions  of 
strong  ammonia,  or  solutions  of  the  carbonate,  act  injuriously  on 
vegetable  life,  while  the  neutral  salts  of  ammonia  are,  on  the 
contrary,  excellent  manures.  A  30  per  cent,  solution  of  ammonic 
carbonate  kills  most  plants  within  an  hour,  and  it  is  indifferent 
whether  the  whole  plant  is  watered  with  this  solution,  or  whether 
It  IS  applied  only  to  the  leaves.  If,  after  this  watering  of  the  plant 
with  ammonic  carbonate  water,  the  injurious  salt  is  washed  out 
as  far  as  possible  by  distilled  water,  or  by  a  weakly  acidulated 
fluid,  then  the  plant  may  recover,  after  having  shed  more  or 
less  of  its  leaves.  These  ,  facts  sufficiently  explain  the  injurious 
effects  noticed  when  urine  is  applied  direct  to  plants,  for  urine 
in  a  very  short  time  becomes  essentially  a  solution  of  ammonic 
carbonate. 

§  72.  Action  on  Human  Beings  and  Animal  Life. — The  violence 
of  the  action  of  caustic  solutions  of  ammonia  almost  entirely 
depends  on  the  state  of  concentration. 

The  local  action  of  the  strong  solution  appears  to  be  mainly 
the  extraction  of  water  and  the  saponifying  of  fat,  making  a 
soluble  soap.  On  delicate  tissues  it  has,  therefore,  a  destructive 
action ;  but  S.  Samuel*  has  shown  that  ammonia,  when  applied 
to  the  unbroken  epidermis,  does  not  have  the  same  intense  action 
as  potash  or  soda,  nor  does  it  coagulate  albumen.  Blood,  whether 
exposed  to  ammonia  gas,  or  mixed  with  solution  of  ammonia, 
becomes  immediately  dark-red ;  then,  later,  through  destruction 
of  the  blood  corpuscles,  very  dark,  even  black ;  lastly,  a  dirty 
brown-red.  The  oxygen  is  expelled,  the  hismoglobin  destroyed, 
and  the  blood  corpuscles  dissolved. 

The  albumen  of  the  blood  is  changed  to  alkali-albuminate,  and 
the  blood  itself  will  not  coagulate.  A  more  or  less  fluid  con- 
dition of  the  blood  has  always  been  noticed  in  the  bodies  of  those 
poisoned  by  ammonia. 

Blood  exposed  to  ammonia,  when  viewed  by  the  spectroscope, 
shows  the  spectra  of  alkaline  haematin,  a  weak  absorption-band, 
in  the  neighbourhood  of  D ;  but  if  the  blood  has  been  acted  on 


*  Virchow's  Arcldv  f.  Path.  Anat.,  Bd.  51,  Hffc.  1  u.  2,  S.  41,  &c.,  1870. 
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for  some  time  by  ammonia,  then  all  absorption-bands  vanish. 
These  spectra,  however,  are  not  peculiar  to  ammonia,  the  action 
of  caustic  potash  or  soda  being  similar.  The  muscles  are  excited 
by  ammonia,  the  function  of  the  nerves  are  destroyed. 

When  a  solution  of  strong  ammonia  is  swallowed,  there  are 
two  main  effects-(l)  the  action  of  the  ammonia  itself  on  the  tissues 
it  comes  into  contact  with,  and  (2)  the  effects  of  the  vapour  on 
the  air-passages.  There  are,  therefore,  immediate  irritation, 
redness,  and  swelling  of  the  tongue  and  pharynx,  a  burning 
pain  reaching  from  the  mouth  to  the  stomach,  with  vomiting,  and 
it  may  be,  nervous  symptoms.  The  saliva  is  notably  increased. 
In  a  case  reported  by  Fonssagrives,*  no  less  than  three  litres 
were  expelled  in  the  twenty-four  hours.  Often  the  glands  under 
the  jaw  and  the  lymphatics  of  the  neck  are  swollen. 

Doses  of  from  5  to  30  grammes  of  the  strong  solution  of  ammonia 
may  kill  as  quickly  as  prussic  acid.  In  a  case  recorded  by 
Christison,!  death  occurred  in  four  minutes  from  a  large  dose, 
doubtless  partly  by  suffocation.  As  sudden  a  result  is  also 
recorded  by  Plenk :  a  man,  bitten  by  a  rabid  dog,  took  a  mouthful 
of  spirits  of  ammonia,  and  died  in  four  minutes. 

If  death  does  not  occur  rapidly,  there  may  be  other  symptoms 
— dependent  not  upon  its  merely  local  action,  but  upon  its  more 
remote  effects.  These  mainly  consist  in  an  excitation  of  the 
brain  and  spinal  cord,  and,  later,  convulsive  movements  deepen- 
ing into  loss  of  consciousness.  It  has  been  noticed  that,  with 
great  relaxation  of  the  muscular  system,  the  patients  complain 
of  every  movement  causing  pain.  With  these  general  symptoms 
added  to  the  local  injury,  death  may  follow  many  days  after  the 
swallowing  of  the  fatal  dose. 

Death  may  also  occur  simply  from  the  local  injury  done  to  the 
throat  and  larynx,  and  the  patient  may  linger  some  time.  Thus, 
in  a  case  quoted  by  Taylor,  t  in  which  none  of  the  poison  appears 
actually  to  have  been  swallowed,  the  man  died  nineteen  days 
after  taking  the  poison  from  inflammation  of  the  throat  and 
larynx.  As  with  the  strong  acids,  so  with  ammonia  and  the 
alkalies  generally,  death  may  also  be  caused  many  weeks  and 
even  months  afterwards  from  the  effects  of  contraction  of  the 
gullet,  or  from  the  impaired  nutrition  consequent  upon  the 
destruction,  more  or  less,  of  portions  of  the  stomach  or  intestinal 
canal. 

§  73.  Post-mortem  Appearances. — In  recent  cases  there  is  an 


*  L' Union  Mddicale,  1857,  No.  13,  p.  49,  No.  22,  p.  90. 
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'ilT^  ""^^T'  °^  intestinal  canal,  from  the  mouth  to  the 
stomach,  and  even  beyond,  with  here  and  there  destruction  of 
the  mucous  membrane  and  even  perforation.  A  wax  preparation 
in  the  museum  of  University  College  (No.  2,-378)  shows  the 
ettects  on  the  stomach  produced  by  swallowing  strong  ammonia  ■ 
It  IS  ashen-grey  m  colour,  and  most  of  the  mucous  membrane  is 
as  It  were,  dissolved  away ;  the  cardiac  end  is  much  congested 

ihe  contents  of  the  stomach  are  usually  coloured  with  blood- 
the  bronchial  tubes  and  glottis  are  almost  constantly  found 
mflamed^even  a  croup-like  (or  diphtheritic)  condition  has  been 
seen.  (Edema  of  the  glottis  should  also  be  looked  for :  in  one 
case  this  alone  seems  to  have  accounted  for  death.  The  blood 
IS  of  a  clear-red  colour,  and  fluid.  A  smell  of  ammonia  mav  be 
present. 

If  a  sufficient  time  has  elapsed  for  secondary  effects  to  take 
place,  then  there  may  be  other  appearances.  Thus,  in  the  case  of 
a  girl  who,  falling  into  a  fainting  fit,  was  treated  with  a  draught 
of  undiluted  spirits  of  ammonia,  and  lived  four  weeks  afterwards  ; 
the  stomach  (preserved  in  St.  George's  Hospital  museum,  43  b,^ 
ser.  ix.)  is  seen  to  be  much  dilated  and  covered  with  cicatrices^ 
and  the  pylorus  is  so  contracted  as  hardly  to  admit  a  small  bougie. 
It  has  also  been  noticed  that  there  is  generally  a  fatty  degenera- 
tion of  both  the  kidneys  and  liver. 

It  need  scarcely  be  observed  that,  in  such  cases,  no  free 
ammonia  will  be  found,  and  the  question  of  the  cause  of  death 
must  necessarily  be  Avholly  medical  and  pathological. 

§  74.  Separation  of  Ammonia. — Ammonia  is  separated  in  all 
cases  by  distillation,  and  if  the  organic  or  other  liquid  is  already 
alkaline,  it  is  at  once  placed  in  a  retort  and  distilled.  If  neutral 
or  acid,  a  little  burnt  magnesia  may  be  added  until  the  reaction 
is  alkaline.  It  is  generally  laid  down  that  the  contents  of  the 
stomach  in  a  putrid  condition  cannot  be  examined  for  ammonia, 
because  ammonia  is  already  present  as  a  product  of  decomposition ; 
but  even  under  these  circumstances  it  is  possible  to  give  an 
opinion  whether  ammonia  in  excess  is  present.  For  if,  after 
carefully  mixing  the  whole  contents  of  the  stomach,  and  then 
drying  a  portion  and  reckoning  from  that  weight  the  total 
nitrogen  (considering,  for  this  purpose,  the  contents  to  consist 
wholly  of  albumen,  which  yields  about  16  per  cent  of  nitrogen) — 
under  these  conditions,  the  contents  of  the  stomach  yield  more 
than  16  per  cent,  of  nitrogen  as  ammonia  reckoned  on  the  dry 
substance,  it  is  tolerably  certain  that  ammonia  not  derived  from 
the  food  or  the  tissues  is  present. 

If,  also,  there  is  a  sufficient  evolution  of  ammonia  to  cause 
white  fumes,  when  a  rod  moistened  with  hydrochloric  acid  is 
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brou^lit  near  to  the  liquid,  this  is  an  effect  never  noticed  with  a 
nornfal  decomposition,  and  renders  the  presence  ot  extrinsic 

ammonia  probable.  ,  .  ,     .  i  ^ 

An  alkaline-reacting  distillate,  which  gives  a  brown  colour 
with  the  "nessler"  reagent,  and  which,  when  carefully  neutralised 
with  sulphuric  acid,  on  evaporation  to  dryness  by  the  careful  heat 
of  a  water-bath,  leaves  a  crystalline  mass  that  gives  a  copious 
precipitate  with  platinic  chloride,  but  is  hardly  at  all  soluble  in. 
absolute  alcohol,  can  be  no  other  substance  than  ammonia. 

§  75.  Estimation. — Ammonia  is  most  quickly  estimated  by 
distilling,  receiving  the  distillate  in  decinormal  acid,  and  then 
titratin<?back.  It  may  also  be  estimated  as  the  double  chloride 
of  ammonium  and  platinum  (NH401)2P'Ol4.  The  distillate  is 
exactly  neutralised  by  HOI,  evaporated  to  near  dryness,  and  an 
alcoholic  solution  of  platinic  chloride  added  in  sufficient  quantity 
to  be  always  in  slight  excess,  as  shown  by  the  yellow  colour  of 
the  supernatant  fluid.  The  precipitate  is  collected,  washed  with 
a  little  alcohol,  dried,  and  weighed  on  a  tared  filter;  100  parts  of 
the  salt  are  equal  to  8-6  of  NHg. 


v.— CAUSTIC  POTASH  AND  SODA. 

§  76.  There  is  so  little  difference  in  the  effects  produced  by 
potash  and  soda  respectively,  that  it  will  be  convenient  to  treat 
them  together. 

Potash  (potassa  caustica). — Hydrate  of  potassium  .(KHO), 
atomic  weight  56,  specific  gravity,  2'1. 

Frojjerties. — Pure  hydrate  of  potassium  is  a  compact,  white 
solid,  usually  met  with  in  the  form  of  sticks.  When  heated  to 
a  temperature  a  little  under  redness,  it  melts  to  a  nearly  colour- 
less liquid ;  in  this  state  it  is  intensely  corrosive.  It  rapidly 
absorbs  moisture  from  the  air,  and  moist  potash  also  absorbs 
with  great  avidity  carbon  dioxide ;  it  is  powerfully  alkaline,, 
changing  red  litmus  to  blue.  It  is  soluble  in  half  its  weight  of 
cold  water,  great  heat  being  evolved  during  solution ;  it  forms 
two  definite  hydrates — one,  KHO  +  HgO  ;  the  other,  KHO  + 
2H2O.  It  is  sparingly  soluble  in  ether,  but  is  dissolved  by 
alcohol,  wood-spirit,  fusel  oil,  and  glycerine. 

§  77.  Pharmaceutical  Preparations. — Potassium  hydrate  is 
officinal  in  all  pharmacopoeias,  as  well  as  the  solution  of  potash. 
The  liquor  potassce,  or  solution  of  potash,  of  the  British  Phar- 
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macopceia,  is  a  strongly  alkaline,  caustic  liquid,  of  1-058  specific 
gravity,  and  containing  15-34  per  cent,  by  ;eiglit  of  KHO 

Lid  but  it   nT^'r  f  ^'  with  an 

Kft  '  T     .  ^"^^  ^^"^^  ^^Po^ed  to  air,  contain  a 

little  carbonate^  Caustic  sticks  of  potash  and  lime  used  to  be 
officinal  in  the  British  Pharmacopoeia.  Filho's  caustic  is  still  t 
commerce,  and  is  made  by  melting  together  two  parts  of  potas- 
sium hydrate  and  one  part  of  lime  in  an  iron  ladle  or  vessel  • 
moulds^        ""^^^       """"^  moulded  by  pouring  it  into  leaden 

§78.  Carbonate  of  Potash  {K,00,  +  2IL,0)  when  pure,  is  in 
the  form  of  small  white  crystalline  grains,  alkaline  in  taste 
and  reaction,  and  rapidly  deliquescing  when  exposed  to  moist 
air ;  it  gives  all  the  chemical  reactions  of  potassium  oxide,  and 
carbon  dioxide.  Carbonate  of  potash,  under  the  name  of  salt  of 
tartar,  or  potashes,  is  sold  by  oilmen  for  cleansing  purposes. 
Ihey  supply  it  either  in  a  fairly  pure  state,  or  as  a  darkish 
moist  mass  containing  many  impurities. 

§  79.  Bicarbonate  of  Potash  (KHOO3,)  is  in  the  form  of  large, 
transparent  rhombic  prisms,  and  is  not  deliquescent.  The 
effervescing  solution  of  potash  {liquor  potasses  effervescem)  con- 
sists of  thirty  grains  of  KHCO3  in  a  pint  of  water  (1-42  grm. 
per  litre),  and  as  much  00^  as  the  water  will  take  up  under  a 
pressure  of  seven  atmospheres. 

§  80._  Caustic  Soda.— Sodium  ffydrate(NsiRO). — This  substance 
is  a  white  solid,  very  similar  in  appearance  to  potassium  hydrate; 
it  absorbs  moisture  from  the  air,  and  afterwards  carbon  dioxide,' 
becoming  solid  again,  for  the  carbonate  is  not  deliquescent.  In 
this  respect,  then,  there  is  a  great  difference  between  potash  and 
soda,  for  the  former  is  deliquescent  both  as  hydrate  and  carbonate; 
a  stick  of  potash  in  a  semi-liquid  state,  by  exposure  to  the  air, 
continues  liquid,  although  saturated  with  carbon  dioxide.  Pure 
sodium  hydrate  has  a  specific  gravity  of  2-0 ;  it  dissolves  in 
water  with  evolution  of  heat,  and  the  solution  gives  all  the 
reactions  of  sodium  hydrate,  and  absorbs  carbon  dioxide  as 
readily  as  the  corresponding  solution  of  potash.  The  liquor  sodm 
of  the  B.  P.  should  contain  4-1  per  cent,  of  NaHO. 

§  81.  Sodm  Carbonas  {carbonate  of  soda),  (Na2CO3l0II,O). — The 
pure  carbonate  of  soda  for  medicinal  use  is  in  colourless  and 
transparent  rhombic  octahedrons ;  when  exposed  to  air,  the 
crystals  effloresce  and  crumble.  The  sodoe  carbonas  exsiccata,  or 
dried  carbonate  of  soda,  is  simply  the  ordinary  carbonate, 
deprived  of  its  water  of  crystallisation,  which  amounts  to  62-93 
per  cent. 
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S  82  Bicarbonate  of  Soda,  (NaH003),  occurs  in  the  form  of 
minute  crystals,  or,  more  commonly,  as  a  white  powder.  The 
Uquor  sodm  effervescens  of  the  B.  P.  is  a  solution  of  the  bicar- 
bonate, 30  grains  of  the  salt  in  25  ounces  of  water  (cJ-42 
arms  per  litre),  the  water  being  charged  with  as  much  carbonic 
.acid  as  it  will  hold  under  a  pressure  of  seven  atmospheres. 
The  bicarbonate  of  soda  lozenges  {trochisci  sodoi  bicarbonatis)  con- 
tain in  each  lozenge  five  grains  (-342  grm.)  of  the  bicarbonate. 
The  carbonate  of  soda  sold  for  household  purposes  is  of  two 
kinds— the  one,  "  seconds,"  of  a  dirty-white  colour  and  somewhat 
impure;  the  other,  "  best,"  is  a  white  mass  of  much  greater  purity. 
Javelle  ivater  {Eau  de  Javelle)  is  a  solution  of  hypochlorite  of 
soda ;  its  action  is  poisonous,  more  from  the  caustic  aljiiali  than 
from  the  chlorine,  and  may,  therefore,  be  here  included. 

§  83.  Statistics. — Poisoning  by  the  fixed  alkalies  is  not  so 
frequent  as  poisoning  by  ammonia.  Falck  has  collected,  from 
medical  literature,  twenty-seven  cases,  two  of  which  were^  the 
criminal  administering  of  Eau  de  Javelle,  and  five  were  suicidal ; 
22,  or  81-5  per  cent,  died — in  one  of  the  cases  after  twenty-four 
hours;  in  the  others,  life  was  prolonged  for  days,  weeks,  or 
months — in  one  case  for  twenty-seven  months. 

§  84.  Effects  on  Animal  and  Vegetable  Life. — The  fixed  alkalies 
destroy  all  vegetable  life,  if  applied  in  strong  solution  or  in  sub- 
stance, by  dehydrating  and  dissolving  the  tissues.  The  efiects  on 
animal  tissues  are,  in  part,  due  also  to  the  affinity  of  the  alkalies 
for  water.  They  extract  water  from  the  tissues  with  which  they 
come  in  contact,  and  also  attack  the  albuminous  constituents, 
forming  alkali-albuminate,  which  swells  on  the  addition  of  water, 
and,  in  a  large  quantity,  even  dissolves.  Cartilaginous  and  horny 
tissues  are  also  acted  upon,  and  strong  alkalies  will  dissolve  hair, 
silk,  &c.  The  action  of  the  alkali  is  by  no  means  restricted  to  the 
part  first  touched,  but  has  a  remarkable  faculty  of  spreading  in 
all  directions. 

§  85.  Local  Effects. — The  efiects  of  strong  alkali  applied  to  the 
epidermis  are  similar  to,  but  not  identical  with,  those  produced 
by  strong  acids.  S.  Samuel*  has  studied  this  experimentally  on 
the  ear  of  the  rabbit ;  a  drop  of  a  strong  solution  of  caustic  alkali, 
placed  on  the  ear  of  a  white  rabbit,  caused  stasis  in  the  arteries 
and  veins,  with  first  a  greenish,  then  a  black  colour  of  the  blood  ; 
the  epidermis  was  bleached,  the  hair  loosened,  and  there  quickly 
followed  a  greenish  coloration  on  the  back  of  the  ear,  opposite 
to  the  place  of  application.  Around  the  burnt  spot  appeared  a 
circle  of  anastomising  vessels,  a  blister  rose,  and  a  slough  separated 
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in  a  few  days.  The  whole  thickness  of  the  ear  was  coloured 
yellowish-green,  and,  later,  the  spot  became  of  a  rusty-brown. 

§  86.  Symptoms.— The  symptoms  observed  when  a  person  has. 
swallowed  a  dangerous  dose  of  caustic  (fixed)  alkali  are  very 
similar  to  those  noticed  with  ammonia,  with  the  important 
exception  that  there  is  no  respiratory  trouble,  unless  the  liquid 
has  come  into  contact  with  the  glottis ;  nor  has  there  been  hitherto 
remarked  the  rapid  death  which  has  taken  place  in  a  few  ammonia 
poisonings,  the  shortest  time  hitherto  recorded  being  three  hours, 
as  related  by  Taylor,  in  a  case  in  which  a  boy  had  swallowed 
three  ounces  of  a  strong  solution  of  carbonate  of  potash. 

There  is  instant  pain,  extending  from  the  mouth  to  the 
stomach,  a  persistent  and  unpleasant  taste;  if  the  individual 
is  not  a  determined  suicide,  and  the  poison  (as  is  mostly  the 
case)  has  been  taken  accidentally,  the  liquid  is  immediately 
ejected  as  much  as  possible,  and  water,  or  other  liquid  at 
hand,  drunk  freely.  Shock  may  at  once  occur,  and  the  patient 
die  from  collapse;  but  this,  even  with  frightful  destruction 
of  tissue,  appears  to  be  rare.  Vomiting  supervenes;  what 
is  ejected  is  strongly  alkaline,  and  streaked  with  blood,  and  has 
a  soapy,  frothy  appearance.  There  may  be  diarrhoea,  great 
tenderness  of  the  abdomen,  and  quick  pulse  and  fever.  With 
caustic  potash,  there  may  be  also  noticed  its  toxic  effects  (apart 
from  local  action)  on  the  heart ;  the  pulse,  in  that  case,  is  slow 
and  weak,  and  loss  of  consciousness  and  convulsions  are  not 
uncommon.  If  the  collapse  and  after-inflammation  are  recovered 
from,  then,  as  in  the  case  of  the  mineral  acids,  there  is  all  the 
horrid  sequence  of  symptoms  pointing  to  contractions  and  stric- 
tures of  the  gullet  or  pylorus,  and  the  subsequent  dyspepsia, 
difficulty  of  swallowing,  and  not  unfrequently  actual  starvation. 

§  87.  Post-mortem  Appearances.- — In  cases  of  recent  poisoning, 
spots  on  the  cheeks.  Hps,  clothing,  &c.,  giving  evidence  of  the 
contact  of  the  alkali,  should  be  looked  for  ;  but  this  evidence,  in 
the  case  of  persons  who  have  Lived  a  few  days,  may  be  wanting. 
The  mucous  membrane  of  the  mouth,  throat,  gullet,  and  stomach 
is  generally  more  or  less  white — here  and  there  denuded, 
and  will  be  found  in  various  stages  of  inflammation  and 
erosion,  according  to  the  amount  taken,  and  the  concen- 
tration of  the  alkali.  Where  there  is  erosion,  the  base  of 
the  eroded  parts  is  not  brown-yellow,  but,  as  a  rule,  pale- 
red.  The  gullet  is  most  affected  at  its  lower  part,  and  it  is 
this  part  which  is  mostly  subject  to  stricture.  Thus  Bohm* 
found  that  in   eighteen  cases   of  contraction  of  the  gullet, 
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collected  by  him,  ten  of  the  eighteen  showed  the  contraction  at 
the  lower  third. 

The  changes  which  the  stomach  may  present  if  the  patient 
has  lived  some  time,  are  well  illustrated  by  a  preparation  in 
St.  George's  museum  (43  a.  264,  ser.  ix.)  It  is  the  stomach  of 
a  woman,  aged  44,  who  had  swallowed  a  concentrated  solution 
of  carbonate  of  potash.  She  vomited  immediately  after  taking 
it,  and  lived  ab©ut  two  months,  during  the  latter  part  of  which 
she  had  to  be  nourished  by  injections.  She  died  mainly  from 
starvation.  The  gullet  in  its  lower  part  is  seen'  to  be  much 
contracted,  its  lining  membrane  destroyed,  and  the  muscular 
coats  exposed.  The  coats  of  the  stomach  are  thickened,  but 
what  chiefly  arrests  the  attention  is  a  dense  cicatrix  at  the 
pylorus,  with  an  aperture  so  small  as  only  to  admit  a  probe. 

The  colour  of  the  stomach  is  generally  bright-red,  but  in  that 
of  a  child,  preserved  in  Guy's  Hospital  museum,  (No.  1798^*),  the 
mucous  membrane  is  obliterated,  the  rugse  destroyed,  and  a  dark- 
brown  stain  is  a  noticeable  feature.  The  stomach  is  not,  however, 
necessarily  afiected.  In  a  preparation  in  the  same  museum  (No. 
1798^'')  the  mucous  membrane  of  the  stomach  of  a  child  who 
swallowed  soap-lees,  is  seen  to  be  almost  healthy,  but  the  gullet 
is  much  discoloured. 

The  action  on  the  blood  is  to  change  it  into  a  gelatinous  mass ; 
the  blood  corpuscles  are  destroyed,  and  the  whole  colour  becomes 
of  a  dirty  blackish-red ;  the  spectroscopic  appearances  are  identical 
with  those  already  described  (see  p.  92).  The  question  as  to  the 
effects  of  chronic  poisoning  by  the  alkalies  or  their  carbonates 
may  arise.  Little  or  nothing  is,  however,  known  of  the  action  of 
considerable  quantities  of  alkalies  taken  daily.  In  a  case  related 
by  Dr.  Tunstall,*  a  man  for  eighteen  years  had  taken  daily 
two  ounces  of  bicarbonate  of  soda  for  the  purpose  of  relieving 
indigestion.  He  died  suddenly,  and  the  stomach  was  found 
extensively  diseased ;  but  since  the  man,  before  taking  the  alkali, 
had  complained  of  pain,  &c.,  it  is  hardly  well,  from  this  one 
case,  to  draw  any  conclusion. 

§  88.  Chemical  Analysis. — The  tests  for  potassium  or  sodium 
are  too  well  known  to  need  more  than  enumeration.  The  intense 
yellow  flame  produced  when  a  sodium  salt  is  submitted  to  a 
Bunsen  flame,  and  the  bright  sodium-line  at  D  when  viewed  by 
the  spectroscope,  is  a  delicate  test ;  while  potassium  gives  a  dull- 
red  band  in  the  red,  and  a  faint  but  very  distinct  line  in  the 
violet.  Potassium  salts  are  precipitated  by  tartaric  acid,  while 
sodium  salts  do  not  yield  this  precipitate ;  potassium  salts  also 
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give  a  precipitate  with  platinic  chloride  insoluble  in  strong 
alcohol,  while  the  compound  salt  with  sodium  is  rapidly  dissolved 
by  alcohol  or  water.  This  fact  is  utilised  in  the  separation  and 
estimation  of  the  two  alkalies. 

_  §  89.  Estimation  of  the  Fixed  Alkalies.~To  detect  a  fixed  alkali 
m  the  contents  of  the  stomach,  a  convenient  process  is  to  proceed 
by  dialysis,  and  after  twenty-four  hours,  to  concentrate  the  outer 
liquid  by  boiling,  and  then,  if  it  is  not  too  much  coloured,  to 
titrate  directly  with  a  decinormal  sulphuric  acid.  After  exact 
neutralisation,  the  liquid  is  evaporated  to  dryness,  carbonised, 
the  alkaline  salts  lixiviated  out  with  water,  the  sulphuric  acid 
exactly  precipitated  by  baric  chloride,  and  then,  after  separation 
of  the  sulphate,  the  liquid  treated  with  milk  of  lime.  On  filtra- 
tion, the  filtrate  will  contain  alkalies  only,  and  to  make  sure  that 
this  is  so,  a  little  carbonate  of  ammonia  is  added  to  see  whether 
any  precipitate  is  produced.  The  liquid  may  now  be  evaporated 
to  dryness  with  either  hydrochloric  or  sulphuric  acids,  and  the 
total  alkalies  weighed  as  sulphates  or  chlorides.  Should  it  be 
desirable  to  know  exactly  the  proportion  of  potassium  to  sodium, 
it  is  best  to  convert  the  alkalies  into  chlorides— dry  gently, 
ignite,  and  weigh  ;  then  dissolve  in  the  least  possible  quantity 
of  water,  and  precipitate  by  platinic  chloride,  which  should 
be  added  so  as  to  be  a  little  in  excess,  but  not  much.  The  liquid 
thus  treated  is  evaporated  nearly  to  dryness,  and  then  extracted 
with  alcohol  of  80  per  cent.,  which  dissolves  out  any  of  the 
double  chloride  of  platinum  and  sodium.  Finally,  the  precipi- 
tate is  collected  on  a  tared  filter  and  weighed,  after  drying  at 
100°.  In  this  way  the  analyst  both  distinguishes  between  the 
salts  of  sodium  and  potassium,  and  estimates  the  relative  quan- 
tities of  each.  It  is  hardly  necessary  to  observe  that,  if  the 
double  chloride  is  wholly  soluble  in  water  or  alcohol,  sodium 
alone  is  present.  This,  however,  will  never  occur  in  operating 
on  organic  tissues  and  fluids,  for  both  alkalies  are  invariably 
present.  A  correction  must  be  made  when  complex  organic 
fluids  are  in  this  way  treated  for  alkalies  which  may  be 
naturally  in  the  fluid.  Here  the  analyst  will  be  guided  by  his 
preliminary  titration,  which  gives  the  total  free  alkalinity. 
In  cases  where  the  alkali  has  been  neutralised  by  acids,  of  course 
no  free  alkali  will  be  found,  but  the  corresponding  salt. 
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§  90.  The  neutral  salts  of  the  alkalies  are  poisonous,  if  admin- 
istered in  sufficient  doses,  and  the  poisonous  effect  of  the 
sulphate,  chloride,  bromide,  iodide,  tartrate,  and  citrate  appears 
to  depend  on  the  specific  action  of  the  alkali  metal,  rather  than 
on  the  acid,  or  halogen  in  combination.  According  to  the 
recent  researches  of  Dr.  Ringer  and  Dr.  Harrington  Sainsbury,* 
with  regard  to  the  relative  toxicity  of  the  three,  as  shown  by 
their  effect  on  the  heart  of  a  frog — first,  the  potassium  salts  were 
found  to  exert  the  most  poisonous  action,  next  come  the  ammo- 
nium, and^  lastly,  the  sodium  salts.  The  highest  estimate  would 
be  that  sodium  salts  are  only  one-tenth  as  poisonous  as  those  of 
ammonium  or  potassium ;  the  lowest,  that  the  sodium  salts  are 
one-fifth:  although  the  experiments  mainly  throw  light  upon 
the  action  of  the  alkalies  on  one  organ  only,  yet  the  indications 
obtained  probably  hold  good  for  the  organism  as  a  whole,  and  are 
pretty  well  borne  out  by  clinical  experience. 

§  91.  Sodium  Salts. — Common  salt  in  such  enormous  quantity 
as  half  a  pound  to  a  pound  has  destroyed  human  life,  but  these 
cases  are  so  exceptional,  that  the  poisonous  action  of  sodium 
salts  is  of  scientific  rather  than  practical  interest. 

§  92.  Potassium  Salts. — Leaving  for  future  consideration  the 
nitrate  and  the  chlorate  of  potassium,  potassic  sulphate  and  tar- 
trate are  substances  which  have  destroyed  human  life. 

Potassic  Suljjliate  (KgSO^)  is  in  the  form  of  colourless  rhombic 
crystals,  of  bitter  saline  taste.    It  is  soluble  in  10  parts  of  water. 

Hydropotassic  Tartrate  (KHC^H^Og),  when  pure,  is  in  the  form 
of  rhombic  crystals,  tasting  feebly  acid.  It  is  soluble  in  210 
parts  of  water  at  17°. 

Statistics. — There  appear  to  be  four  cases  on  record  of  poison- 
ing by  the  neutral  salts ;  none  of  them  belong  to  recent  times, 
but  lie  between  the  years  1837-1856.  Hence,  the  main  know- 
ledge which  we  possess  of  the  poisonous  action  of  the  potassium 
salts  is  derived  from  experiments  on  animals. 

§  93.  Action  on  the  Frog's  Heart. — Both  excitability  and  con- 
tractility are  affected  to  a  powerful  degree.  There  is  a  remarkable 
slowing  of  the  pulsations,  irregularity,  and,  lastly,  cessation  of 
pulsation  altogether. 

§  94.  Action  on  Warm-Blooded  Animals. — If  a  toxic  solution 
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of  a  potassic  salt  is  injected  into  the  blood-vessels  of  an  animal 
there  is  almost  immediate  death  from  arrest  of  the  heart's  action 
bmaller  doses,  subcutaneously  applied,  produce  slowing  of  the 
pulse,  dyspnoea,  and  convulsions,  ending  in  death.    Small  doses 
produce  a  transitory  diminution  of  the  force  of  arterial  pressure 
which  quickly  passes,  and  the  blood-pressure  rises.    There  is  at 
hrst  for  a  few  seconds,  increase  in  the  number  of  pulsations 
but  later  a  remarkable  slowing  of  the  pulse.    The  rise  in  the 
blood-pressure  occurs  even  after  section  of  the  spinal  cord,  some- 
what larger  doses  cause  rapid  lowering  of  the  blood-pressure, 
and  apparent  cessation  of  the  heart's  action ;  but  if  the  thorax 
be  then  opened,  the  heart  is  seen  to  be  contracting  regularly, 
making  some  120-160  rhythmic  movements  in  the  minute.  If 
the  respiration  be  now   artificially   maintained,  and  suitable 
pressure  made  on  the  walls  of  the  chest,  so  as  to  empty  the 
heart  of  blood,  the  blood-pressure  quickly  rises,  and  natural 
respiration  may  follow.    An  animal  which  lay  36  minutes  ap- 
parently dead  was  in  this  way  brought  to  life  again  (Bohm). 
The  action  of  the  salts  of  potassium  on  the  blood  is  the  same 
as  that  of  sodium  salts.    The  blood  is  coloured  a  brighter  red, 
and  the  form  of  the  corpuscles  changed ;  they  become  shrivelled 
through  loss  of  water.    Voluntary  muscle  loses  quickly  its  con- 
tractility when  a  solution  of  potash  is  injected  into  its  vessels. 
Nerves  also,  when  treated  with  a  1  per  cent,  solution  of  potassic 
chloride,  become  inexcitable. 

§  95.  Elimination. — The  potassium  salts  appear  to  leave  the 
body  through  the  kidneys,  but  are  excreted  much  more  slowly 
than  the  corresponding  sodium  salts.  Thus,  after  injection  of 
4  grms.  of  potassic  chloride — in  the  first  sixteen  hours  -748  grm. 
of  KOI  were  excreted  in  the  urine,  and  in  the  following  twenty- 
four  hours  2-677  grms. 

§  96.  Nitrate  of  Potash  (KNOg). — Pure  potassic  nitrate  crys- 
tallises in  large  anhydrous  hexagonal  prisms  with  dihedral 
summits ;  it  does  not  absorb  water,  and  does  not  deliquesce. 
Its  fusing  point  is  about  340° ;  when  melted  it  forms  a  trans- 
parent liquid,  and  loses  a  little  of  its  oxygen,  but  this  is  for  the 
most  part  retained  by  the  liquid  to  be  given  off"  when  the  salt 
solidifies.  At  a  red-heat  it  evolves  oxygen,  and  is  reduced  first 
to  nitrite ;  if  the  heat  is  continued,  potassic  oxide  remains. 
The  specific  gravity  of  the  fused  salt  is  2-06.  It  is  not  very 
soluble  in  cold  water,  100  parts  dissolving  only  26  at  16-6°;  but 
boiling  water  dissolves  it  freely,  100  parts  dissolving  240  of 
the  salt. 

A  solution  of  nitrate  of  potash,  when  treated  with  a  zinc  couple 
(see  vol.  i.,  "Foods,"  p.  519),  is  decomposed,  the  nitrate  being 
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•first  reduced  to  nitrite,  as  shown  by  its  striking  a  jed  colour 
Sfh  meSphenylene-diamine,  and  ut^solt 
composin<^,  and  ammonia  appearing  m  the  liquid     it  tne  soiu 
tio7is  afkaUsed,  and  treated  with  aluminium  foil,  hydrogen 
erived,  and  th^  same  effect  produced.    As  with  all  nitrates 
roSIsic  nitrate,  on  being  heated  in  a  test  tube  with  a  little 
later   some  copper  filing,  and   sulphuric  acid,  evolves  red 
fumes  of  nitric  peroxide.  ,      ,  i  f 

S  97.  Siaiistics.-FotB.ssic  nitrate,  under  the  popular  name  of 
^'  nitre  "  is  a  very  common  domestic  remedy,  and  is  also  largely 
used  as  a  mediciie  for  cattle.  There  appear  to  be  twenty  cases 
of  potassic  nitrate  poisoning  on  record-of  these  eight  were  caused 
bv  the  salts  having  been  accidentally  mistaken  for  magnesic 
sulphate,  sodic  sulphate,  or  other  purgative  salt;  two  cases  were 
due  to  a  simUar  mistake  for  common  salt.  In  one  instance,  the 
nitrate  was  used  in  strong  solution  as  an  enema,  but  most  ot 
-the  cases  were  due  to  the  taking  of  too  large  an  internal  dose. 

§  98.  Uses  in  the  Arts,  (fee— Both  sodic  and  potassic  nitrates 
are  called  "  nitre  "  by  the  public  indiscriminately.  Sodic  nitrate 
is  imported  in  large  quantities  from  the  rainless  districts  of 
Peru  as  a  manure.  Potassic  nitrate  is  much  used  in  the  manu- 
facture of  gunpowder,  in  the  preservation  of  animal  substances, 
in  the  manufacture  of  gun  cotton,  of  sulphuric  and  nitric  acids, 
<fec.  The  maximum  medicinal  dose  of  potassium  nitrate  is  usually 
stated  to  be  30  grains  (1-9  grms.).  _         -o  i 

§99.  Action  of  Nitraies  of  Sodium  and  Potassium. — Both  ot 
these  salts  are  poisonous.    Potassic  nitrate  has  been  taken  with 
fatal  result  by  man;  the  poisonous  nature  of  sodic  nitrate  is 
established  by  experiments  on  animals.     The  action  of  the 
nitrates  of  the  alkalies  is  separated  from  that  of  the  other 
neutral  salts  of  potassium,  &c.,  because  in  this  case  the  toxic 
action  of  the  combined  nitric  acid  plays  no  insignificant  part. 
Large  doses,  3-5  grms.  (46-3-77 -2  grains),  of  potassic  nitrate 
cause  considerable  uneasiness  in  the  stomach  and  bowels ;  the 
digestion  is  disturbed  ;  there  may  be  vomiting  and  diarrhoea,  and 
there  is  generally  present  a  desire  to  urinate  frequently.  Still 
larger  doses,  15-30  grms.  (•231-5-463  grains),  rapidly  produce  all 
the  symptoms  of  acute  gastro-enteritis — great  pain,  frequent 
vomiting  (the  ejected  matters  being  often  bloody),  with  irregu- 
larity and  slowing  of  the  pulse ;  weakness,  cold  sweats,  painful 
cramps  in  single  muscles  (especially  in  the  calves  of  the  legs) ; 
and,  later,  convulsions,  aphonia,  quick  collapse,  and  death. 

In  the  case  of  a  pregnant  woman,  a  handful  of  "  nitre  "  taken 
in  mistake  for  Glauber's  salts  produced  abortion  after  half-an- 
hour.    The  woman  recovered.     Sodic  nitrate  subcutaneously 
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applied  to  frogs  kills  them,  in  doses  of  -026  grm.  (-4  ^ain)  in 
about  two  hours;  there  are  fibrillar  twitchings  of  single  groups 
of  muscles  and  narcosis.  The  heart  dies  last,  but  after  ceasing: 
to  beat  may,  by  a  stimulus,  be  made  again  to  contract.  Rabbits 
poisoned  similarly  by  sodic  nitrate,  exhibit  also  narcotic  symp- 
toms ;  they  lose  consciousness,  lie  upon  their  side,  and  respond 
only  to  the  sharpest  stimuli.  The  breathing,  as  well  as  the 
iieart,  is  "slowed,"  and  death  follows  after  a  few  spasmodic 
inspirations. 

Sodic  nitrite  was  found  by  Earth  to  be  a  more  powerful  poison 
less  than  6  mgrms.  (-1  grain)  being  sufficient  to  kill  a  rabbit  of 
455-5  grms.  (7028  grains)  weight,  when  subcutaneously  injected. 
Ihe  symptoms  were  very  similar  to  those  produced  by  the 
nitrate. 

§  100.  The  post-mortem  appearances  from  potassic  nitrate  are  as 
follows  :— An  inflamed  condition  of  the  stomach,  with  the  mucous 
membrane  dark  in  colour,  and  readily  tearing ;  the  contents  of 
the  stomach  are  often  mixed  with  blood.  In  a  case  related  by 
Orfila,  there  was  even  a  small  perforation  by  a  large  dose  of 
potassic  nitrate,  and  a  remarkable  preservation  of  the  body  was. 
noted. 

It  is  believed  that  the  action  of  the  nitrates  is  to  be  partly 
explained  by  a  reduction  to  nitrites,  circulating  in  the  blood  as. 
such.  To  detect  nitrites  in  the  blood,  the  best  method  is  to  place 
the  blood  in  a  dialyser,  the  outer  liquid  being  alcohol.  The 
alcoholic  solution  may  be  evaporated  to  dryness,  extracted  with 
water,  and  then  tested  by  metaphenylene-diamine. 

§  101.  Potassic  Chlorate  (KOlOg). — Potassic  chlorate  is  in  the 
form  of  colourless,  tabular  crystals  with  four  or  six  sides.  About 
6  parts  of  the  salt  are  dissolved  by  100  of  water  at  15°,  the 
solubility  increasing  with  the  temperature,  so  that  at  100"  nearly 
60  parts  dissolve ;  if  strong  sulphuric  acid  be  dropped  on  the 
crystals,  peroxide  of  chlorine  is  evolved ;  when  rubbed  with 
sulphur  in  a  mortar,  potassic  chlorate  detonates.  When  the 
salt  is  heated  strongly,  it  first  melts,  and  then  decomposes, 
yielding  oxygen  gas,  and  is  transformed  into  the  perchlorate. 
If  the  heat  is  continued,  this  also  is  decomposed,  and  the  final 
result  is  potassic  chloride. 

§  102.  Uses. — Potassic  chlorate  is  largely  used  as  an  oxidiser  in 
calico  printing,  and  in  dyeing,  especially  in  the  preparation  of 
aniline  black.  A  considerable  quantity  is  consumed  in  the 
manufacture  of  lucifer  matches  and  fireworks ;  it  is  also  a  con- 
venient source  of  oxygen.  Detonators  for  exploding  dynamite 
are  mixtures  of  fulminate  of  mercury  and  potassic  chlorate.  It 
is  employed  as  a  medicine  both  as  an  application  to  inflamed 
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mucous  membranes,  and  for  internal  administration;  about 
2  000  tons  of  the  salt  for  these  various  purposes  are  manu- 
factured yearly  in  the  United  Kingdom.  . 

t  103  Poislnous  Properties.-The  facility  with  which  potassac 
chlorate  parts  with  its  oxygen  by  the  aid  of  heat,  led  to  it^ 
very  extensive  employment  in  medicine.  _  ^^^/^S' ^.^^ 
been  given  more  recklessly,  or  on  a  less  scientific  basis.  Wheie- 
ever  there  were  sloughing  wounds,  low  fevers,  and  malignant 
sore  throats,  especially  those  of  a  diphtheritic  character  the 
practitioner  administered  potassic  chlorate  m  colossal  doses. 
If  the  patient  died,  it  was  ascribed  to  the  malignity  of  the  dis- 
ease-if  he  recovered,  to  the  oxygen  of  the  salt ;  and  it  is  possible, 
from  the  light  which  of  recent  years  has  been  thrown  on  the 
action  of  potassic  chlorate,  that  its  too  reckless  use  has  led  to 
many  unrecorded  accidents.  ,   j  •  j 

§  lOL'  Experimenls  on  Animals.— F.  Marchand*  has  studied 
the  efi"ects  of  potassic  chlorate  on  animals,  and  on  blood.  If 
either  potassic  chlorate  or  sodic  chlorate  is  mixed  with  fresh 
blood,  it  shows  after  a  little  while  peculiar  changes ;  the  clear . 
red  colour  at  first  produced  passes,  within  a  few  hours,  into  a. 
dark  red-brown,  which  gradually  becomes  pure  brown.  This 
change  is  produced  by  a  1  per  cent:  solution,  in  from  fifteen  to. 
sixteen  hours;  and  a  4  per  cent,  solution  at  15°  destroys  every 
trace  of  oxyha;moglobin  within  four  hours.  Soon  the  blood  takes, 
a  syrupy  consistence,  and,  with  a  2-4  per  cent,  solution  of  the 
salt,  passes  into  a  jelly-like  mass.  The  jelly  has  much  perman- 
ence, and  resists  putrefactive  changes  for  a  long  time. 

Marchand  fed  a  dog  of  17  kilos,  in  weight  with  5  grms.  of 
potassic  chlorate  for  a  week.  As  there  were  no  apparent  symp- 
toms, the  dose  was  doubled  for  two  days ;  and  as  there  was  still 
no  visible  effect,  50  grms.  of  sodic  chlorate  were  given  lastly  in 
5  doses.  In  the  following  night  the  dog  died.  The  blood  was 
found  after  death  to  be  of  a  sepia-brown  colour,  and  remained 
unaltered  when  exposed  to  the  air.  The  organs  were  generally 
of  an  unnatural  brown  colour;  the  spleen  was  enormously 
enlarged;  the  kidneys  were  swollen,  and  of  a  dark  chocolate 
brown — on  section,  almost  black-brown,  the  colour  being  nearly 
equal,  both  in  the  substance  and  in  the  capsule.  A  micros- 
copical examination  of  the  kidney  shoAved  the  canaliculi  to  be^ 
filled  with  brownish  cylinders  consisting  of  altered  blood.  A 
spectroscopic  examination  of  the  blood  showed  weak  htemo- 
globin  bands,  and  a  narrow  band  in  the  red.  With  farther 
dilution,  the  htemoglobin  bands  vanished,  but  the  band  in  the 
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red  remained.  The  diluted  blood,  when  exposed  to  the  light, 
still  remained  of  a  cofFee-brown  colour ;  and  on  shaking,  a  white- 
brown  froth  was  produced  on  the  surface. 

A  second  experiment  in  which  a  hound  of  from  7-8  kilos  in 
weight  was  given  3-5  grm.  doses  of  potassic  chlorate  in  sixteen 
Hours,  and  killed  by  bleeding  seven  to  eight  hours  after  the 
last  dose,  showed  very  similar  appearances.  The  kidneys  were 
intensely  congested,  and  the  peculiar  brown  colour  was  notice- 
able. 

§  105  Effects  on  Man.~I  find  in  literature  thirty-nine  cases 
recorded,  m  which  poisonous  symptoms  were  directly  ascribed 
to  the  action  of  chlorate  of  potassium;  twenty-eight  of  these 
terminated  fatally.  A  quadruple  instance  of  poisoning,  recorded 
by  Brouardel  and  L'Hote,*  illustrates  many  of  the  points  relative 
to  the  tims  at  which  the  symptoms  may  be  expected  to  com- 
mence, and  the  general  aspect  of  potassic  chlorate  poisoning. 
The  "  superieure  "  of  a  religious  institution  was  in  the  habit  of 
giving,  for  charitable  purposes,  a  potion  containing  15  grms., 
(3-8  drms.)  of  potassic  chlorate,  dissolved  in  360  cc.°  (about  12* 
oz.)  of  a  vegetable  infusion. 

This  potion  was  administered  to  four  children— viz.,  David, 
aged  2i;  Oousin,  aged  3|.;  Salmont,  2i ;  and  Guerin,  2|. 
David  took  the  whole  in  two  and  a  half  hours,  the  symp- 
toms commenced  after  the  potion  was  finished,  and  the  child 
died  five  and  a  half  hours  after  taking  the  first  dose  ;  there 
were  vomiting  and  diarrhosa.  Oousin  took  the  medicine  in 
.seven  hours ;  the  symptoms  also  commenced  after  the  last 
spoonful,  and  the  death  took  place  eight  and  a  half  hours 
from  the  first  spoonful.  The  symptoms  were  mainly  those 
of  great  depression;  the  lips  were  blue,  the  pulse  feeble, 
there  was  no  vomiting,  no  diarrhoea.  Salmont  took  the 
medicine  in  nine  hours,  and  died  in  twelve.  There  was  some 
diarrhoea,  the  stools  were  of  a  green  colour.  Guerin  took  the 
whole  in  two  hours,  the  symptoms  commenced  in  four  hours ; 
the  lips  were  very  pale,  the  gums  blue.  Death  took  place  in 
four  days. 

There  was  an  autopsy  in  the  case  of  David  only.  The  stomach 
showed  a  large  ecchymosis  on  its  mucous  membrane,  as  if  it  had 
been  burnt  by  an  acid ;  the  spleen  was  gorged  with  blood,  and  its 
tissue  friable ;  the  kidneys  do  not  seem  to  have  been  thoroughly 
examined,  but  are  said  to  have  been  tumefied.  Potassic  chlorate 
was  discovered  by  dialysis.  In  the  cases  of  the  children  just 
detailed,  the  symptoms  appear  to  be  a  mixture  of  the  de- 


*  Annaks  d'Hygiene pubUque.    1881,  p.  232. 
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pressing  action  of  the  potassium,  and  irritant  action  of  the 

^^8°  106  In  adults,  the  main  symptoms  are  those  of  nephritis, 
and  the  fatal  dose  for  an  adult  is  somewhere  about  an  ounce 
/28-3  -rm.),  but  half  this  quantity  would  probably  be  dangerous 
especially  if  given  to  a  person  who  had  congestion  or  disease  of 
the  kidneys. 

Dr.  Jacobi,*  gives  the  following  cases. 

Dr.  Fountain  in  1858,  experimenting  on  himsell,  took  Z'^-A 
grms.  (9  drms.)  of  potassic  chlorate;  he  died  on  the  seventh  day 
from  nephritis.  A  young  lady  swallowed  30  grms.  (9-2  drms), 
when  using  it  as  a  gargle  ;  she  died  in  a  few  days  from  nephritis. 
A  man,  thirty  years  of  age,  died  in  four  days  after  having  taken 
48  grms.  (12-3  drms.)  of  sodic  chlorate  in  six  hours.  The  shortest 
time  in  which  I  can  find  the  salt  to  have  been  fatal,  is  a  case 
related  by  Dr.  Manouvriez,  in  which  a  woman  took  45  grms., 
and  died  in  five  hours.  The  smallest  dose  which  has  proved 
fatal  is  one  in  which  an  infant  three  years  old  was  killed  by 
3  grms.  (46-3  grains).  _         ,      ^   ^     •       ■    a-  -a  a 

Jacobi  considers  that  the  maximum  dose  to  be  given  m  divided 
doses  during  the  twenty-four  hours,  to  infants  under  three, 
should  be  from  1-1-5  grm.  (23-1  grains),  to  children  from  three 
years  old,  up  to  2  grm.  (30-8  grains) ;  and  adults  from  6-8  grm. 
(92 -6-1 23 -4  grains). 

§  107.  Elimination. — Potassic  chlorate  is  quickly  absorbed  from 
mucous  membranes,  and  by  the  inflamed  skin,  and  rapidly 
separated  from  the  body  by  the  action  of  the  kidneys.  Wohler,  as 
early  as  1824,  recognised  that  it  in  great  part  passed  out  of  the 
body  unchanged,  and,  lately,  Isambert,  in  conjunction  with  Hirnef 
making  quantitative  estimations,  recovered  from  the  urine  no  less 
than  95  per  cent,  of  the  ingested  salt.  Otto  Hehner  has  also  made 
several  auto-experiments,  and  taking  two  and  a  half  drachms, 
found  that  it  could  be  detected  in  the  urine  an  hour  and  a  half 
afterwards.  At  that  time  17-23  per  cent,  of  the  salt  had  been 
excreted,  and,  by  the  end  of  eleven  hours,  93-8  per  cent,  was 
recovered.  It  is  then  difiicult  to  believe  that  the  salt  gives 
any  oxygen  to  the  tissues,  for  though  it  is  true  that  in  all  the 
investigations  a  small  percentage  remains  to  be  accounted 
for,  and  also  that  BinzJ  making  experiments  by  mixing 
solutions  of  potassic  chlorate  with  moist  organic  substances, 
such  as  pus,  yeast,  fibrin,  &c.,  has  declared  that,  at  a  blood 
heat,  the  chlorate  is  rapidly  reduced,  and  is  no  longer  recognisable 

*  Amer.  Med.  Times,  1860. 
+  Gaz.  Med.  de  Paris,  1875.    Nro.  17,  35,  41,  43. 
I        t  Berlin  Klin.  Wochenschr,  xi.  10,  S.  119,  1874. 
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as  chlorate-yet  it  may  be  affirmed,  that  potassic  chlorate  is 
recovered  from  the  urine  as  completely  as  anything  which  s 
ever  excreted  by  the  body,  and  that  deductions  d?awn  from 
the  changes  undergone  by  the  salt  in  solutions  of  fibrin,  &c  . 
have  only  an  indirect  bearing  on  the  question. 

§108.  The  essential  action  of  potassic  chlorate  seems  to  be 
that  It  causes  a  peculiar  change  in  the  blood,  acting  on  the 
colouring  matter  and  corpuscles  ;  the  latter  lose  their  property 
as  oxygen  carriers;  the  htemoglobin  is  in  part  destroyed;  the 
corpuscles  dissolved.  The  decomposed  and  altered  blood- 
corpuscles  are  crowded  into  the  kidneys,  spleen,  &c.;  they 
block  up  the  uriniferous  canaliculi,  and  thus  the  organs  present 
the  curious  colouring  seen  after  death,  and  the  kidneys  become 
inflamed. 


DETECTION  AND  ESTIMATION  OF  POTASSIC  CHLOKATE. 

§109.  Organic  fluids  are  best  submitted  to  dialysis;  the 
dialysed  fluid  should  then  be  concentrated  and  qualitative  tests 
applied.  One  of  the  best  tests  for  the  presence  of  a  chlorate  is, 
without  doubt,  that  recommended  by  Fresenius.  The  fluid  to 
be  tested  is  acidulated  with  a  few  drops  of  sulphuric  acid; 
sulphate  of  indigo  added  sufficient  to  colour  the  solution  blue' 
and  finally  a  few  drops  of  sulphurous  acid.  In  presence  of 
potassic  or  sodic  chlorate,  the  blue  colour  immediately  vanishes. 
This  method  is  capable  of  detecting  1  part  in  128,000  ;  provided 
the  solution  is  not  originally  coloured,  and  but  little  organic 
matter  is  present. 

The  urine  can  be  examined  direct,  but  if  it  contain  albumen, 
the  blue  colour  may  disappear  and  yet  chlorate  be  present ;  if 
too  much  sulphurous  acid  be  also  added,  the  test  may  give 
erroneous  results.  These  are  but  trivial  objections,  however, 
for  if  the  analyst  obtains  a  response  to  the  test,  he  will  naturally 
confirm  or  disprove  it  by  the  following  process : — 

The  liquid  under  examination,  organic  or  otherwise,  is 
divided  into  two  equal  parts.  In  the  one,  all  the  chlorine 
present  is  precipitated  as  chloride,  by  silver  nitrate  in  the 
usual  way,  and  the  chloride  of  silver  collected  and  weighed. 
In  the  other,  the  liquid  is  evaporated  to  dryness  and  well  charred 
by  a  dull  red  heat,  the  ash  dissolved  in  weak  nitric  acid,  and 
the  chlorides  estimated  as  in  the  first  case.  If  chlorates  were 
present,  there  will  be  a  difference  between  the  two  estimations, 
proportionate  to  the  amount  of  chlorates  which  have  been 
converted  into  chlorides  by  the  carbonisation,  and  the  first  silver 
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chloride  subtracted  from  the  second  will  give  an  argentic  chloride 
which  is  to  be  referred  to  chlorate.  In  this  way  also  the  amount 
present  may  be  quantitatively  estimated,  100  parts  of  silver 
chloride  equalling  85-36  of  potassic  chlorate. 

TOXICOLOGICAL  DETECTION  OF  ALKALI  SALTS.- 
(See  also  ajite,  p.  100.) 

§  110.  Sodium,  in  combination,  especially  with  chlorine,  and 
also  with  sulphuric,  carbonic,  and  phosphoric  acids,  is  found  in 
the  plasma  of  the  blood,  in  the  urinary  secretion,  in  the  pan- 
creatic juice,  in  human  bile,  and  in  serous  transudations,  &c. 
Potassium,  in  combination,  is  especially  found  in  the  red  blood- 
corpuscles,  in  the  muscles,  in  the  nervous  tissues,  and  in^  milk. 
Ammonia,  in  combination  with  acids,  is  naturally  found  in  the 
stomach,  in  the  contents  of  the  intestine ;  it  is  also  a  natural 
constituent  of  the  blood  in  small  traces,  and  in  a  corpse  is 
copiously  evolved  from  putrefactive  changes. 

It  hence  follows,  that  mere  qualitative  tests  for  these  elements 
in  the  tissues  or  fluids  of  the  body  are  of  not  the  slightest  use, 
for  they  are  always  present  during  the  life  of  the  healthiest 
individual,  and  can  be  found  after  death  in  persons  dying  from 
any  malady  whatever.  To  establish  the  fact  of  a  person  having 
taken  an  unusual  dose  of  any  of  the  alkali  salts,  by  simply 
chemical  evidence,  it  must  be  proved  that  the  alkalies  are  present 
in  unusual  quantities  or  in  an  abnormal  state  of  combination. 

In  cases  of  rapid  death,  caused  by  sodic  or  potassic  salts,  they 
will  be  found  in  such  quantity  in  the  contents  of  the  stomach,  or 
in  matters  vomited,  that  there  will  probably  be  no  difficulty  in 
coming  to  a  direct  conclusion ;  but  if  some  time  has  elapsed,  the 
analyst  may  not  find  a  sufficient  ground  for  giving  a  decided 
judgment,  the  excretion  of  the  alkali  salts  being  very  rapid. 

In  most  cases,  it  will  be  well  to  proceed  as  follows :— The 
contents  of  the  stomach  are,  if  necessary,  diluted  with  distilled 
water,  and  divided  into  three  parts,  one  of  which  is  submitted  to 
dialysis,  and  then  the  dialysecl  liquid  evaporated  to  a  small  bulk 
and  examined  qualitatively,  in  order  to  ascertain  whether  a  large 
amount  of  the  alkaline  salts  is  present,  and  in  what  form.  In 
this  way,  the  presence  or  absence  of  nitrate  of  potassium  or 
sodium  may  be  proved,  or  the  iodide,  bromide,  sulphate,  and 
chlorate  detected. 

To  find,  in  this  way,  nitrate  of  potassium,  a  coarse  test  is  pre- 
ferable to  the  finer  tests  dependent  upon  conversion  of  the  nitrate 
into  nitrites  or  into  ammonia,  for  these  tests  are  so  delicate,  that 
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nitrates  may  be  detected  in  traces  ;  whereas,  in  this  examination 
to  hnd  traces  is  of  no  value.    Hence,  the  old-fashioned  test  of 
treating  the  concentrated  liquid  in  a  test-tube  with  copper  filings 
and  then  with  sulphuric  acid,  and  looking  for  the  red  fumes,  is 
best,  and  will  act  very  well,  even  should,  as  is  commonly  the  case 
some  organic  matters  have  passed  through  the  dialyser. 

Chlorates  are  indicated  if  the  liquid  is  divided  into  two  parts 
and  tested  m  the  manner  recommended  at  page  108.  If  present 
in_  any  quantity,  chlorates  or  nitrates  may  be  indicated  by  the 
brilliant  combustion  of  the  organic  matter  when  heated  to  red- 
ness, as  also  by  the  action  of  strong  sulphuric  acid  on  the  solid 
substances — in  the  one  case,  yellow  vapours  of  peroxide  of  chlorine 
being  evolved— in  the  other,  the  red  fumes  already  mentioned 
of  nitric  peroxide. 

With  regard  to  a  substance  such  as  the  hydro-potassic  tartrate, 
its  insolubility  in  water  renders  it  not  easy  of  detection  by 
dialysis ;  but  its  very  insolubility  will  aid  the  analyst,  for  the 
contents  of  the  stomach  may  be  treated  with  water,  and  thus  all 
soluble  salts  of  the  alkalies  extracted.  On  now  microscopically 
examining  the  insoluble  residue,  crystals  of  bitartrate,  if  present, 
will  be  readily  seen.  They  may  be  picked  up  on  a  clean  platinum 
wire  and  heated  to  redness  in  a  Bunsen  flame,  and  spectroscopi- 
cally  examined.  After  heating,  the  melted  mass  will  have  an 
alkaline  reaction,  and  give  a  precipitate  with  platinic  chloride. 
All  other  organic  salts  of  potassium  are  soluble,  and  a  white 
crystal  giving  such  reaction  must  be  hydro-potassic  tartrate. 

Ammonium  Salts. — If  the  body  is  fresh,  and  yet  the  salts  of 
ammonium  present  in  large  amount,  it  is  safe  to  conclude  that 
they  have  an  external  origin ;  but  there  might  be  some  consider- 
able difliculty  in  criminal  poisoning  by  a  neutral  salt  of  ammonium, 
and  search  for  it  in  a  highly  putrid  corpse.  Probably,  in  such  an 
exceptional  case,  there  would  be  other  evidence.  With  regard  to 
the  quantitative  separation  and  estimation  of  the  fixed  alkalies 
in  the  ash  of  organic  substances,  the  reader  is  referred  to  the 
processes  given  in  vol.  i.,  "  Foods,"  p.  101,  et  seq.,  and  in  the 
present  work,  p.  100. 


PART  IV.-MORE  OR  LESS  VOLATILE  POISONOUS 
SUBSTANCES  CAPABLE  OF  BEING  SEPARATED 
BY  DISTILLATION  FROM  NEUTRAL  OR  ACID 
LIQUIDS. 


HYDROOARBONS— CAMPHOR- 
ALCOHOL— AMYL  NITRITE— ETHEE^CHLORO- 
.  EORM  AND  OTHER  ANESTHETICS  —  CHLORAL  — 
CARBON  BISULPHIDE- CARBOLIC  ACID— 
NITRO  BENZENE— PRUSSIC  ACID- 
PHOSPHORUS. 


I.— HYDROCARBONS. 
1.  PETROLEUM. 

§  IIL  Petroleum  is  a  general  term  for  a  mixture  of  hydro- 
carbons of  the  paraffin  series,  which  are  found  naturally  in 
certain  parts  of  the  world,  and  are  in  commerce  under  liquid 
and  solid  forms  of  various  density.  Crude  petroleum  is  not  im- 
ported into  England,  the  original  substance  having  previously 
undergone  more  or  less  rectification.  The  lighter  and  more 
volatile  portions  are  known  under  the  name  of  cymogene, 
rhigolene,  gasolene,  and  naphtha. 

§  112.  Cymogene  has  a  specific  gravity  of  -590,  and  boils  at  0°. 
It  has  been  employed  in  refrigerating  machines.  It  appears 
to  consist  chiefly  of  butane,  (04H;^o). 

§  113.  Rhigolene  is  now  used  in  medicine  in  the  form  of  spray 
to  produce  local  anesthesia.  It  boils  at  18°,  and  has  a  density 
of  -650.  ^ 

§  114.  Gasolene  has  a  density  of  •680--688 ;  it  has  received 
technical  applications  in  the  "  naphthalising  "  of  air  and  gas. 

§  115.  Benzoline  {mineral  naphtha,  petroleum  naphtha,  petroleum 
spirit,  petroleum  ether)  is  a  mixture  of  the  lighter  series  of  hydro- 
carbons ;  the  greater  part  consists  of  heptane,  and  there  is  also 
a  considerable  quantity  of  pentane  (O^H^g)  present.  The  specific 
gravity  varies  from  -69  to  -74.  It  is  very  inflammable,  and  is 
used  in  sponge  lamps,  and  also- as  a  solvent  for  gutta-percha, 
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naphthalene,  paraffin,  wax,  and  many  other  bodies 
practical  chemist  it  is  much  employed. 

The  similarity  of  the  terms  benzoline  and  benzene  has  caused 
benzoline  to  be  often  confused  with  benzol  or  benzene,  the  leading 
constituent  of  coal-tar  naphtha,  G^JL^.  Mr.  Allen  *  gives  in  the 
following  table  a  summary  of  the  chief  points  of  distinction, 
both  between  petroleum  naphtha,  shale  naphtha,  and  coal-tar 
naphtha.  The  table  is  founded  upon  the  examination  of  par- 
ticular samples,  and  commercial  samples  may  present  a  few 
minor  deviations. 

TABLE  VI.— VARIETIES  OF  NAPHTHA. 


Petroleum  Napht'  a. 


Contains  at  least  75 
per  cent,  of  heptane, 
CVHio,  and  other  hy- 
drocarbons of  the  marsh 
gas  or  paraffin  series ; 
the  remainder  appar- 
ently olefins,  C„H2„, 
with  distinct  traces  of 
benzene  and  its  homo- 
logues. 

Specific  gravity  at  15°, 
•600. 

Distils  between  65° 
and  lOO'^. 

Dissolves  coal  -  tar 
pitch,  but  slightly ; 
liquid,  but  little  colour- 
ed even  after  prolonged 
contact. 

On  shaking  three 
measures  of  the  sample 
with  one  measure  of 
fused  crystals  of  abso- 
lute carbolic  acid,  no 
solution.  Liquids  not 
miscible. 

Combines  with  10  per 
cent,  of  its  weight  of 
bromine  in  the  cold. 


Shale  Naphtha. 


Contains  at  least  60 
to  70  ])er  cent,  of  hepty- 
lene,  C7H14,  and  other 
hydrocarbons  of  the 
olefin  series ;  the  re- 
mainder j)araffins.  No 
trace  of  benzene  or  its 
homologues. 


Specific  gravitj'  at  15° 
•718. 


Coal-tar  Naphtha. 


Distils 
and  100°. 


between  65° 


Behaves  similarly  to 
petroleum  naphtha 
with  regard  to  the 
solution  of  pitch. 


When  treated  with 
fused  carbolic  acid 
crystals,  the  liquids  mix 
perfectly. 


Combines  with  up- 
wards of  90  per  cent, 
of  its  weight  of  bromine. 


Consists  almost 
wholly  of  benzene, 
CgHg,  and  other  homo- 
logous hydrocarbons, 
with  a  small  percent- 
age of  light  hydrocar- 
bons iu  some  samples. 


Specific  gravity  •876, 


Distils  between  80° 
and  120°. 

Readily  dissolves 
pitch,  forming  a  deep 
brown  solution. 


The  liquids  form  a 
homogeneous  mixture 
when  treated  with 
fused  carbolic  acid 
crystals. 


Combines  slowly  with 
30-40  per  cent,  of  its 
weight  of  bromine. 


*  "  Commercial  Organic  Analysis,"  vol.  ii.,  p.  31. 
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8  116.  Paraffin  oil  (or  herosine,  mineral  oil,  photogen,  &c.)  is 
the  chief  product  resulting  from  the  distillation  of  American 
petroleum— the  usual  specific  gravity  is  about  -802 — it  is  a  mix- 
ture of  hydrocarbons  of  the  paraffin  series.  It  should  be  free 
from  the  more  volatile  constituents,  and  hence  should  not  take 
fire  when  a  flame  is  applied  near  the  surface  of  the  cold  liquid. 

§  117.  Effects  of  Petroleum. — Since  we  have  here  to  deal  with 
a  commercial  substance  of  such  different  degrees  of  purity,  and 
various  samples  of  which  are  composed  of  such  various  propor- 
tions of  different  hydrocarbons,  its  action  can  only  be  stated  in 
very  general  terms.  Eulenberg*  has  experimented  with  the 
lighter  products  obtained  from  the  distillation  of  Canadian 
petroleum.  This  contained  sulphur  products,  and  was  extremely 
poisonous,  the  vapour  killing  a  rabbit  in  a  short  time,  with 
previous  insensibility  arid  convulsions.  The  autopsy  showed  a 
thin  extravasation  of  blood  on  the  surface  of  each  of  the  bulbi, 
much  coagulated  blood  in  the  heart,  congested  lungs,  and  a 
hloody  mucous  covering  the  tracheal  mucous  membrane.  An 
experiment  made  on  a  cat  with  the  lighter  petroleum  (which  had 
no  excess  of  sulphur)  in  the  state  of  vapour,  showed  that  it  was 
an  anaesthetic,  the  ansesthesia  being  accompanied  by  convulsions, 
which  towards  the  end  were  tetanic  and  violent.  The  evapora- 
tion of  1-5  grm.  in  a  close  chamber  killed  the  animal  in  three 
hours.  The  lungs  were  found  congested,  but  little  else  was 
remarkable.  Much  petroleum-vapour  is  breathed  in  certain 
factories,  especially  those  in  which  petroleum  is  refined,  f 
From  this  cause  there  have  been  rather  frequent  toxic  symptoms 
among  the  workmen.  EulenbergJ  describes  the  symptoms  as 
follows : — A  person,  after  breathing  an  overdose  of  the  vapour, 
hecomes  very  pale,  the  lips  are  livid,  the  respiration  slow,  the 
heart's  action  weak  and  scarcely  to  be  felt.  If  he  does  not 
immediately  go  into  the  open  air  away  from  the  poisonous 
vapour,  these  symptoms  may  pass  on  to  insensibility,  convulsions, 
and  death.  It  often  occasions  a  condition  of  the  voluntary 
muscles  similar  to  that  induced  by  drunkenness,  and  on  recovery 
the  patient  is  troubled  by  singing  in  the  ears  and  noises  in  the 
head.  The  smell  and  taste  of  the  poison  may  remain  for  a  long 
time. 

§  118.  Poisoning  by  taking  light  petroleum  into  the  stomach 
is  not  common.    In  a  case  recorded  by  Taylor,  §  a  woman,  for 

*  Gewerbe  Hygidne. 

t  The  vapour  most  likely  to  rise  at  the  ordinary  temperature  and  mis 
benzolL^e  ^  ^'^^  lighter  series,  from  cymogene  to 

t  Op.  cit.  §  "Poisons,"  p.  656. 
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the  purpose  of  suicide,  swallowed  a  pint  of  petroleum.  There 
followed  a  slight  pain  in  the  stomach,  and  a  little  febrile  dis- 
turbance, and  a  powerful  smell  of  petroleum  remained  about  the 
body  for  six  days ;  but  she  completely  recovered.  In  August, 
1870,  a  sea-captain  drank  a  quantity  of  paraffin,  that  is,  lighting 
petroleum,  and  died  in  a  few  hours  in  an  unconscious  state. 
A  child,  two  years  old,  was  brought  to  King's  College  Hospital 
within  ten  minutes  after  taking  a  teaspoonful  of  paraffin.  It 
was  semi-comatose  and  pale,  with  contracted  pupils ;  there  was 
no  vomiting  or  purging.  Emetics  of  sulphate  of  zinc  were 
administered,  and  the  child  recovered  in  twenty-four  hours. 
In  another  case  treated  at  the  same  hospital,  a  child  had 
swallowed  an  unknown  quantity  of  paraffin.  It  fell  into  a 
comatose  state,  which  simulated  tubercular  meningitis,  and 
lasted  for  nearly  three  weeks.*  In  a  case  recorded  by  Mr, 
Robert  Smith,!  a  child,  4  years  of  age,  had  swallowed  an  un- 
known quantity  of  paraffin.  A  few  minutes  afterwards,  the 
symptoms  commenced ;  they  were  those  of  suffocation,  with  a 
constant  cough  ;  there  was  no  expectoration  ;  the  tongue,  gums, 
and  cheeks,  were  blanched  and  swollen  where  the  fluid  touched 
them;  recovery  followed.  A  woman  aged  32,  who  had -taken 
a  quarter  of  a  pint  of  paraffin,  was  found  unconscious  and  very 
cold;  the  stomach  pump  was  used,  and  she  recovered. J  Hence 
it  is  tolerably  certain,  from  the  above  instances,  that  should  a 
case  of  petroleum  poisoning  occur,  the  expert  will  not  have  to 
deal  with  infinitesimal  quantities,  but  while  the  odour  of  the  oil 
will  probably  be  distinctly  perceptible,  there  will  be  also  a 
sufficient  amount  obtained  either  from  matters  vomited,  or  the 
contents  of  the  stomach,  &,c.,  so  that  no  difficulty  will  be  experi- 
enced in  identifying  it. 

§  119.  In  order  to  separate  petroleum  from  any  liquid,  the 
substances  under  examination  must  be  carefully  distilled  in  the 
manner  recommended  under  "Ether."  The  lighter  petroleums  will 
distil  by  the  aid  of  a  water  bath;  but  the  heavier  require  a 
stronger  heat;  redistillation  of  the  distillate  may  be  necessary. 
The  odour  of  the  liquid,  its  inflammable  character,  and  its 
other  properties,  will  be  sufficient  for  identification. 

*  Brit.  Med.  Journ.,  Sept.  16,  1876,  p.  365. 
+  Brit.  Med.  Journ.,  Oct.  14,  1876. 

t  Pharm.  Journal,  Feb.  12,  1875 ;  also  for  other  cases  see  Bnt.  Med. 
Journal,  Nov.  4,  1876;  and  Kiihler's  "Physiol.  Theraj).,"  p.  437. 
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2.  COAL-TAR-NAPHTHA— BENZENE. 

§  120.  Coal-tar-naphtha,  in  its  crude  state,  is  an  extremely 
complex  liquid,  of  a  most  disagreeable  smell.  Much  benzene, 
(OgHg),  is  present  with  higher  homologues  of  the  benzene  series. 
Toluene,  (O^Hg),  naphthalene,  (OjoHg),  hydrocarbons  of  the  paraffin 
series,  especially  hexane,  (OgHj^),  and  hydrocarbons  of  the  olefin 
series,  especially  pentylene,  hexylene,  and  heptylene,  (OgH^g,  OgH^g 
and  Besides  these,  there  are  nitrogenised  bases,  such 

as  aniline,  picoline,  and  pyridine ;  phenols,  especially  carbolic 
acid ;  ammonia,  ammonium  sulphide,  carbon  disulphide,  and 
probably  other  sulphur  compounds ;  acetylene  and  aceto-nitrile. 
By  distillation  and  fractional  distillation  are  produced  what  are 
technically  known  as  "  once  run "  naphtha,  90  per  cent,  benzol, 
50  and  90  per  cent,  benzol,*  30  jjer  cent,  benzol,  solvent  naphtha, 
and  residue  known  as  "  last  runnings." 

§  121.  Taylorf  records  a  case  in  which  a  boy  aged  12  swal- 
lowed about  three  ounces  of  naphtha,  the  kind  usually  sold  for 
burning  in  lamp's,  and  died  with  symptoms  of  narcotic  poisoning. 
The  child,  after  taking  it,  ran  about  in  wild  delirium,  he  then 
sank  into  a  state  of  collapse,  breathing  stertorously,  and  the 
skin  became  cold  and  clammy.  On  vomiting  being  excited,  he 
rejected  about  two  tablespoonfuls  of  the  naphtha,  and  recovered 
somewhat,  but  again  fell  into  collapse  with  great  muscular  relaxa- 
tion. The  breathing  was  difficult ;  there  were  no  convulsions ;  the 
eyes  were  fixed  and  glassy,  the  pupils  contracted;  there  was 
frothing  at  the  mouth.  In  spite  of  every  efibrt  to  save  him,  he 
died  in  less  than  three  hours  after  taking  the  poison.  The  body, 
examined  three  days  after  death,  smelt  strongly  of  naphtha,  but 
the  postr-mortem  appearances  were  in  no  way  peculiar,  save  that 
the  stomach  contained  a  pint  of  semi-fluid  matter,  from  which  a. 
fluid,  having  the  characteristics  of  impure  benzene,  was  separated. 

§  122.  The  effects  of  the  vapour  of  benzene  have  been  studied 
by  Eulenberg  in  experiments  on  cats  and  rabbits,  and  there  are 
also  available  observations  on  men,|  who  have  been  accidentally 
exposed  to  its  influence.  From  these  sources  of  information, 
it  is  evident  that  the  vapour  of  benzene  has  a  distinctly  narcotic, 
effect,  while  influencing  also  in  a  marked  degree  the  spinal  cord. 
There  are,  as  symptoms,  noises  in  the  head,  convulsive  trembling 
and  twitchings  of  the  muscles,  with  difficulty  of  breathing. 

*  Or  50/90  benzol,  this  indicates  that  50  per  cent,  distils  over  below  100  • 
and  40,  making  in  all  90,  below  120°  ' 
t  Op.  cit.,  p.  657. 

J  Dr.  Stone,  Afrd.  Oaz.,  1848.    Vol.  xii.,  p.  1077, 
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DETECTION  AND  SEPARATION  OF  BENZENE. 

§  123.  Benzene  is  separated  from  liquids  by  distillation,  and 
may  be  recognised  by  its  odour,  and  by  the  properties  described 
at  page  112.  The  best  process  of  identification,  perhaps,  is  to 
purify  and  convert  it  into  nitro-benzene,  and  then  into  aniline, 
in  the  following  manner : — 

1.  Purification. — The  liquid  is  agitated  with  a  solution  of 
caustic  soda ;  this  dissolves  out  of  the  benzene  any  bodies  of 
an  acid  character,  such  as  phenol,  &c.  The  purified  liquid 
should  again  be  distilled,  collecting  that  portion  of  the  distillate 
which  passes  over  between  65°  and  100°;  directly  the  ther- 
mometer attains  nearly  the  100°,  the  distillation  should  be 
stopped.  The  distillate,  which  contains  all  the  benzene  present, 
is  next  shaken  with  concentrated  sulphuric  acid  in  the  cold ; 
this  will  dissolve  out  all  the  hydrocarbons  of  the  ethylene  and 
acetylene  series.  On  removing  the  layer  of  benzene  from  the 
acid,  it  must  be  again  shaken  up  with  dilute  soda,  so  as  to 
remove  every  trace  of  acid.  The  benzene  is,  by  this  rather 
complicated  series  of  operations,  obtained  in  a  very  fair  state 
of  purity,  and  may  be  converted  into  nitro-benzene,  as  follows : — 

2.  Conversion  into  Nitro-Benzene. — The  oily  liquid  is  placed  in  a 
flask,  and  treated  with  four  times  its  volume  of  fuming  nitric 
acid.  The  flask  must  be  furnished  with  an  upright  condenser ; 
a  vigorous  action  mostly  takes  place  without  the  application  of 
heat,  but  if  this  does  not  occur,  the  flask  may  be  warmed  for  a 
few  minutes. 

After  the  conversion  is  over,  the  liquid,  while  still  warm, 
must  be  transferred  into  a  burette  furnished  with  a  glass  tap, 
or  to  a  separating  funnel,  and  all,  except  the  top  layer,  run  into 
cold  water ;  if  benzene  was  originally  present,  either  oily  drops 
of  nitro-benzene  will  fall,  or  if  the  benzene  was  only  in  small 
quantity,  a  fine  precipitate  will  gradually  settle  down  to  the 
bottom  of  the  vessel,  and  a  distinct  bitter-almond  smell  be 
observed ;  but,  if  there  was  no  benzene  in  the  original  liquid, 
and,  consequently,  no  nitro-benzene  formed,  no  such  appearance 
will  be  observed. 

3.  Conversion  into  Aniline. — The  nitro-benzene  may  itself  be 
identified  by  collecting  it  on  a  wet  filter,  dissolving  it  off  the 
filter  by  alcohol,  acidifying  the  alcoholic  solution  by  hydrochloric 
acid,  and  then  boiling  it  for  some  time  with  metallic  zinc.  In 
this  way  aniline  is  formed  by  reduction.  On  neutralising  and 
diluting  the  liquid,  and  cautiously  adding  a  little  clear  solution 
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of  bleaching-powder,  a  blue  or  purple  colour  passing  to  brown 
is  in  a  little  time  produced. 

.  3.:  TEEPENES-ESSENTIAL  OILS-OIL  OF  TTJEPENTINE. 

§  124.  The  terpenes  are  hydrocarbons  of  the  general  formula 
0  H2n_4-    The  natural  terpenes  are  divided  into  three  classes : — 
°1.  The  true  terpenes,  formula  (O^o^^e)'  ^  ^^^S®  number  of 
essential  oils,  such  as  those  of  turpentine,  orange  peel,  nutmeg, 
caraway,  anise,  thyme,  &c.,  are  mainly  composed  of  terpenes. 

2.  The  cedrenes,  forinula  (O15H24) — the  essential  oil  of  cloves, 
rosewood,  cubebs,  calamus,  cascarilla,  and  patchouli,  belong  to 
this  class. 

3.  The  colophene  hydrocarbons,  formula  (O20H32),  represented 
by  colophony. 

Of  all  these,  oil  of  turpentine  alone  has  any  toxicological 
significance  J  it  is,  however,  true  that  all  the  essential  oils,  if 
taken  in  considerable  doses,  are  poisonous,  and  cause,  for  the 
most  part,  vascular  excitement  and  complex  nervous  phenomena, 
but  their  action  has  not  been  very  completely  studied.  They 
may  all  be  separated  by  distillation,  but  a  more  convenient 
process  for  recovering  an  essential  oil  from  a  liquid  is  to  shake 
it  up  with  petroleum  ether,  separating  the  petroleum  and  evapo- 
rating spontaneously;  by  this  means  the  oil  is  left  in  a  fair 
state  of  purity. 

4.  OIL  OF  TURPENTINE— SPIRITS  OF  TURPENTINE— 
"  TURPS  "— CAMPHENE, 

§  125.  Various  species  of  pine  yield  a  crude  turpentine,  holding 
in  solution  more  or  less  resin.  The  turpentine  may  be  obtained 
from  this  exudation  by  distillation,  and  when  the  first  portion 
of  the  distillate  is  treated  with  alkali,  and  then  redistilled,  the 
final  product  is  known  iinder  the  name  of  "  rectified  oil  of 
turpentine,"  and  is  sometimes  called  "  camphene."  It  mainly 
consists  of  terebenthene.  Terebenthene  obtained  from  French 
turpentine  differs  in  some  respects  from  that  obtained  from 
English  or  American  turpentine.  They  are  both  mobile,  colourless 
liquids,  having  the  well-known  odour  of  turpentine  and  highly 
refractive ;  but  the  French  terebenthene  turns  a  ray  of  polarised 
light  to  the  left  -  40-3°  for  the  sodium  ray,  and  the  English  to  the 
right +  21-5°;  the  latter  terebenthene  is  known  scientifically  as 
austra-terebenthene.    This  action  on  polarised  light  is  retained 
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m  the  various  compounds  and  polymers  of  the  two  turpentine 

The  specific  gravity  of  turpentine  oil  is  -864;  its  boiling  point 
when  consisting  of  pure  terebenthene  156°,  but  impurities  may 
raise  it  up  to  160°;  it  is  combustible  and  burns  with  a  smoky 
flame.  Oil  of  turpentine  is  very  soluble  in  ether,  petroleum 
ether,  carbon  disulphide,  chloroform,  benzene,  fixed  and  essential 
oils,  and  by  the  use  of  these  solvents  it  is  conveniently  separated 
from  the  contents  of  the  stomach.  It  is  insoluble  in  water, 
glycerine,  and  dilute  alkaline  and  acid  solutions;  and  very 
soluble  in  absolute  alcohol,  from  which  it  may  be  precipitated  by 
the  addition  of  water. 

It  is  polymerised  by  the  action  of  strong  sulphuric  acid,  the 
polymer,  of  course,  boiling  at  a  higher  temperature  than  the 
original  oil.  With  water  it  forms  a  crystalline  hydrate, 
(OjoHgoOg,  H2O).  On  passing  nitrosyl  chloride  gas  into  the  oil, 
either  pure  or  diluted  with  chloroform  or  alcohol,  the  mixture 
being  cooled  by  ice,  a  white  crystalline  body  is  deposited,  of 
the  formula  G^qR-^q  (NOCl).  By  treating  this  compound  with 
alcoholic  potash,  the  substitution  product,  (OjoHjgNO),  is  obtained. 
By  treating  turpentine  with  an  equal  bulk  of  warm  water,  and 
shaking  it  in  a  large  bottle  with  air,  camphoric  acid  and  peroxide 
of  hydrogen  are  formed.  When  turpentine  oil  is  left  in  contact 
with  concentrated  hydrochloric  acid,  there  is  formed  tereben- 
thene dihydrochloride,  (CioHig2H01),  which  forms  rhombic 
plates,  insoluble  in  water,  and  decomposable  by  boiling  alcoholic 
potash,  with  formation  of  terpinol  {0-^Qli^^)JD.  The  dihydro- 
chloride  gives  a  colour-reaction  with  ferric  chloride.  This  is  an 
excellent  test — not,  it  is  true,  confined  to  oil  of  turpentine — but 
common  to  the  dihydrochlorides  of  all  the  terpenes.  A  few  drops 
of  the  oil  are  stirred  in  a  porcelain  capsule  with  a  drop  of  hydro- 
chloric acid,  and  one  of  ferric  chloride  solution;  on  gently 
heating,  there  is  produced  first  a  rose  colour,  then  a  violet-red, 
and  lastly  a  blue. 

§  126.  Effects  of  ihe  Administration  of  Turpentine. — L.  W. 
Liersch*  exposed  animals  to  the  vapour  of  turpentine,  and 
found  that  a  cat  and  a  rabbit  died  within  half-an-hour.  There 
was  observed  uneasiness,  reeling,  want  of  power  in  the  limbs 
(more  especially  in  the  hinder  extremities),  convulsions  partial, 
or  general,  difficulty  of  respiration ;  and  the  heart's  action  was 
quickened.  Death  took  place,  in  part,  from  •  asphyxia,  and  in 
part  was  attributable  to  a  direct  action  on  the  nervous  centres. 
The  autopsy  showed  congestion  of  the  lungs,  ecchymoses  of  the 

*  Clarus  in  Schmidt's  Jahrhncher,  Bd.  cxvii.,  i.  1863  ;  and  Viertel- 
jahrsschr.  fiir  Ger.  Med.,  xxii.,  Oct.  1862. 
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kidney,  and  much  blood  in  the  liver  and  spleen.  Small  doses 
of  turpentine-vapour  cause  (according  to  Dr.  W.  B.  Richardson)* 
aiddiness,  deficient  appetite,  and  antemia.  From  half  an  ounce 
to  an  ounce  is  frequently  prescribed  in  the  country  as  a  remedy 
for  tape-worm ;  in  smaller  quantities  it  is  found  to  be  a  useiui 
medicine  in  a  great  variety  of  ailments.  The  larger  doses  pro- 
duce a  kind  of  intoxication  with  giddiness,  followed  often  by 
pur<Ting  and  strangury  not  unfrequently  blood  or  albumen  (or 
both)  is  found  in  the  urine.  When  in  medical  practice  I  have 
civen  the  oil,  and  seen  it  given  by  others,  in  large  doses  for  tape- 
worm to  adults,  in  perhaps  40  cases,  but  in  no  one  instance  were 
the  symptoms  severe ;  the  slight  intoxication  subsided  quickly,  and 
in  a  few  hours  the  patients  recovered  completely.  Nevertheless 
it  has  been  known  to  destroy  the  lives  of  children,  and  ca,use  most 
serious  symptoms  in  adults.  Two  fatal  cases  are  mentioned  by 
Taylor ;  one  was  that  of  a  child  who  died  fifteen  hours  after  taking 
half  an  ounce  of  the  oil ;  in  another  an  infant,  five  months  old, 
died  rapidly  from  a  teaspoonful.  The  symptoms  in  these  fatal 
cases  were  profound  coma  and  slight  convulsions ;  the  pupils  were 
contracted,  and  there  was  slow  and  irregular  breathing.  Tur- 
pentine is  eliminated  in  a  changed  form  by  the  kidneys,  and 
imparts  an  odour  of  violets  to  the  urine ;  but  the  nature  of  the 
odoriferous  principle  has  not  yet  been  investigated. 


II.— CAMPHOR. 


§  127.  A  great  many  essential  oils  deposit,  after  exposure  to 
air,  camphors  produced  by  oxidation  of  their  terpenes.  Ordinary 
camphor  is  imported  in  the  rough  state  from  China  and  J apan, 
and  is  prepared  by  distilling  with  water  the  wood  of  camphora 
qfficitiarum ;  it  is  resublimed  in  England.  The  formula  of 
camphor  is  C-^oH-ie^  '  ^  density  of  '986  to  '996  ;  melts  at 

175°,  and  boils  at  205°.  It  is  readily  sublimed,  especially  in  a 
vacuum,  and  is  indeed  so  volatile  at  all  temperatures,  that  a 
lump  of  camphor  exposed  to  the  air  wastes  away.  It  is  somewhat 
insoluble  in  water,  (about  1  part  in  1000),  but  this  is  enough 
to  impart  a  distinct  taste  to  the  water ;  it  is  insoluble  in  chloro- 
form, ether,  acetone,  acetic  acid,  carbon  disulphide  and  oils. 
It  has  a  fragrant  colour  and  a  burning  taste.  A  10  per  cent, 
solution  in  alcohol  turns  a  ray  of  polarised  light  to  the  right 
+  42-8°.    By  distillation  with  zinc  chloride,  cymene  and  other 


*  Brit,  and  For.  Med.-Cldr.  Review,  April,  1863. 
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products  are  produced.  By  prolonged  treatment  with  nitric 
acid  camphor  is  oxidised  to  camphoric  acid,  (OioH,„0,).  Camphor 
unites  with  bromine  to  form  a  crystalline,  unstable  dibromide, 
which  splits  up  on  distillation  into  hydrobromic  acid  and  mono- 
brom-camphor,  (O^^U.^B^O).  The  latter  is  used  in  medicine ;  it 
crystallises  m  prisms  fusible  at  76°,  and  is  readily  soluble  in. 
alcohol. 

_  §128.  Pharmaceutical  Preparatims.— The  Tpreiparatious  o&cinsl 

the  British  Pharmcopceia  are  camphor  water — water  saturated 
with  camphor,  containing  about  one  part  per  thousand. 

Camphor  Liniment. — solution   of  camphor  in   olive  oil 
strength  25  per  cent.  * 

Compound  Camphor  Liniment. — Composed  of  camphor,  oil  of 
lavender,  strong  solution  of  ammonia  and  alcohol;  strength  in 
camphor  about  1 1  per  cent. 

Spirit  of  Camphor. — A  solution  of  camphor  in  spirit ;  strength 
10  per  cent. 

Camphor  is  also  a  constituent  of  the  compound  tincture  of 
camphor  ;  but  in  this  case  it  may  be  considered  only  a  flavouring 
agent.  There  is  a  homoeopathic  solution  of  camphor,  in  spirit, 
(Kubini's  Essence  of  Camphor).  The  solution  is  made  by  satu- 
rating alcohol  with  camphor;  it  is,  therefore,  very  strong — 
about  half  the  bulk  consisting  of  camphor.  Camphor  is  used  in 
veterinary  medicine  both  externally  and  internally. 

§  129.  Symptoms. — Camphor  acts  energetically  on  the  brain 
and  nervous  system,  especially  if  it  is  given  in  strong  alcoholic 
solution,  and  thus  placed  under  conditions  favouring  absorption. 
Some  years  ago.  Dr.  G.  Johnson*  published  a  series  of  cases 
arising  from  the  injudicious  use  of  "  homoeopathic  solution  of 
camphor,"  from  seven  to  forty  drops  of  Rubini's  homoeopathic 
camphor  taken  for  colds,  sore  throat,  &c.,  having  produced  coma> 
foaming  at  the  mouth,  convulsions,  and  partial  paralysis.  All 
the  patients  recovered,  but  their  condition  was  for  a  little  time 
alarming. 

The  cases  of  fatal  poisoning  by  camphor  are  very  rare.  A  woman 
aged  46,  pregnant  four  months,  took  12  grms.  (about  184  grains) 
in  a  glass  of  brandy  for  the  purpose  of  procuring  abortion.  In  a 
very  short  time  the  symptoms  commenced ;  she  had  intolerable 
headache,  the  face  was  flushed,  and  there  was  a  sensation  of 
burning  in  the  stomaq^.  In  eight  hours  after  taking  the  dose, 
she  had  strangury  and  vomiting,  and  the  pain  in  the  epigastrium 
was  intense.  These  symptoms  continued  with  more  or  less, 
severity  until  the  third  day,  when  she  became  much  worse. 


*  Brit.  Med.  Journal,  Feb.  27,  1878,  p.  272 ;  see  also  iUd,  Feb.  1875. 
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Her  face  was  pale  and  livid,  the  eyes  hollow,  the  skin  cold  and 
insensible,  pulse  weak  and  thready,  breathing  laboured.  There 
were  violent  cramps  in  the  stomach  and  retention  of  urme  lor 
twenty-four  hours,  and  then  coma.  The  patient  lingered  on  yet 
another  three  days,  aborted,  and  died.* 

Dr.  Schaaff  has  recorded  three  cases  of  poisoning— one  ot 
which  was  fatal.  A  woman  gave  about  half  a  teaspoonful  of  a 
camphor  solution  to  each  of  her  three  children,  the  ages  being 
respectively  five  and  three  years  and  fifteen  months.  The 
symptoms  noted  were  pallor  of  the  face,  a  burning  pain  m  the 
throat,  thirst,  vomiting,  purging,  convulsions,  and  afterwards 
coma.  The  youngest  child  died  in  seven  hours;  the  others 
recovered.  The  smallest  dose  known  to  have  produced  violent 
symptoms  in  an  adult  is  1-3  gim.  (20  grains) ;  the  largest  dose 
known  to  have  been  recovered  from  is  10-2  grms.  (160  grains).t 

§  130.  Post-mortem  Appearances. — The  bodies  of  animals  or 
persons  dying  from  poisoning  by  camphor,  smell  strongly  of  the 
substance.  The  mucous  membrane  of  the  stomach  has  been 
found  inflamed,  but  there  seem  to  be  no  characteristic  lesions. 

§  131.  Separation  of  Camphor  from  the  Contents  of  the  Stomach. — 
The  identification  of  camphor  would  probably  in  no  case  preseiit 
any  difiiculty.  It  may  be  readily  dissolved  out  from  organic 
fluids  by  chloroform.  If  dissolved  in  fixed  oils,  enough  for  the 
purposes  of  identification  may  be  obtained  by  simple  distilla- 
tion. It  is  precipitated  from  its  alcoholic  solution  by  the 
addition  of  water. 


III.— ALCOHOLS. 
1.  ETHYLIC  ALCOHOL. 

§  132.  The  chemical  properties  of  ordinary  alcohol  are  fully 
described,  with  the  appropriate  tests,  in  vol.  i.,  "Foods,"  pp. 
369-384,  and  the  reader  is  also  referred  to  the  same  volume  for 
the  composition  and  strength  of  the  various  alcoholic  drinks. 

Statistics. — If  we  were  to  include  in  one  list  the  deaths  indi- 
rectly due  to  chronic,  as  well  as  acute  poisoning  by  alcohol,  it 
would  stand  first  of  all  poisons  in  order  of  frequency,  but  the 
taking  of  doses  so  large  as  to  cause  death  in  a  few  hours  is  rare. 

*  Jcvrn.  de  Chim.  Mid.,  May,  1860. 

+  Jlid.,  1850,  p.  507. 

%  Taylor  on  "  Poisons,"  3rd  Ed.,  661. 
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The  deaths  from  alcohol  are  included  by  the  English  registrar- 
general  under  two  heads— viz.,  those  returned  as  dying  from 
delirium  tremens,  and  those  certified  as  due  directly  to  intem- 
perance. 

In  the  twenty-eight  years  from  1852-1860,  the  deaths  certified 
■under  the  head  of  delirium  tremens  range  from  the  maximum 
number  of  612  (in  1865)  to  the  minimum  of  273  (in  1879) ;  the 
mean  of  the  whole  being  399  or  nearly  400  yearly.  The  deaths 
from  this  more  acute  form  of  alcoholic  poisoning  appear  to  be  on 
the  decrease ;  for  if  we  take  the  five  years  ending  1860,  out  of 
2,123,479  deaths  from  all  causes,  2,361  are  referred  to  delirium 
tremens,  or  10-9  per  10,000.  But  in  the  five  years  ending  1880, 
out  of  2,605,552  deaths  from  all  causes ;  there  were  only  1,760 
from  delirium  tremens,  or  6-7  per  10,000.  On  the  other  hand, 
deaths  certified  as  directly  dependent  on  intemperance  do  not 
appear  to  have  diminished,  the  mean  number  for  the  twenty- 
eight  years  being  426  yearly,  with  a  minimum  of  286  (in  1855), 
and  a  maximum  of  777  (in  1876).  While  in  the  five  years 
ending  1860,  out  of  the  same  number  of  deaths  as  before  stated, 
1,492  died  from  intemperance,  or  7-0  per  10,000:  in  the  more 
recent  period  of  five  years  ending  1880,  3,470  died,  or  13-4  per 
10,000.  In  Sweden,  as  well  as  in  Russia,  the  mortality  from 
alcohol  is  greater  than  in  this  country ;  whilst  in  the  warmer 
climates  it  becomes  insignificant  as  a  cause  of  death.* 

§  133.  Criminal  or  Accidental  Alcoholic  Poisoning. — Suicide  by 
alcohol,  in  the  common  acceptation  of  the  term,  is  rare,  and 
murder  still  rarer,  though  not  unknown.  Perhaps  the  most 
common  cause  of  fatal  acute  poisoning  by  alcohol  is  either  a 
foolish  wager,  by  which  a  man  bets  that  he  can  drink  so  many 
glasses  of  spirits  without  bad  effect ;  or  else  the  drugging  of  a 
person  already  drunk  by  his  companions  in  a  sportive  spirit. 

§  134.  Fatal  Dose. — It  is  difficult  to  say  what  would  be  likely 
to  prove  a  lethal  dose  of  alcohol,  for  a  great  deal  depends  without 
doubt  on  the  dilution  of  the  spirit,  since  the  mere  local  action  of 
strong  alcohol  on  th^ft  mucous  membranes  of  the  stomach,  (fee,  is 
severe  (one  may  almost  say  corrosive),  and  would  aid  the  more 
remote  effects.    In  Maschka's  case,t  a  boy  of  nine  years  and  a 

*  "Drunkenness  as  Modified  by  Race,"  is  the  title  of  an  interesting 
paper  by  Dr.  Druitt,  [Med.  Times  and  Gaz.,  April  15,  1872).  It  is  sum- 
marised with  other  facts  in  the  present  writer's  "Dictionary  of  Hygiene," 
art.  "Alcohol." 

+  Eecorded  by  Maschka  [QutacUen  der  Prager  Facultdt,"  iv.,  239;  see 
also  Maschka's  "  Handhuch  der  Oericht.  Medicm,"  Baud,  ii.,  p.  384).  The 
following  is  a  brief  summary  :— Franz.  Z.  nine  years  old,  and  Caroline  Z., 
eight  years  old,  were  poisoned  by  their  stepfather  with  spirit  of  G7  per 
cent,  strength  taken  in  small  quantities  by  each— at  first  by  persuasion  and 
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girl  of  fi-ve,  died  from  about  two  and  a  half  ounces  of  spirit  of 
67  per  cent,  strength,  or  48-2  cc.  (1-7  oz.)  of  absolute  alcohol. 

In  a  case  related  by  Taylor,  a  child  seven  years  old  died  from 
some  quantity  of  brandy,  probably  about  113-4  cc.  (4  oz.),  which 
would  be  equal  to  at  least  56-7  cc.  (2  oz.)  of  absolute  alcohol. 
Erom  other  cases  in  which  the  quantity  of  absolute  alcohol  can 
be,  with  some  approximation  to  the  truth,  valued,  it  is  evident, 
that  for  any  child  below  ten  or  twelve,  quantities  of  from  28-3 
to  56-6  cc.  (1-2  oz.)  of  absolute  alcohol  contained  in  brandy, 
gin,  (fee,  would  be  a  highly  dangerous  and  probably  fatal  dose — 
while  the  toxic  dose  for  adults  is  somewhere  between  71  "8- 
141-7  cc.  (2-5-5  oz.) 

§  135.  Symptoms. — In  the  cases  of  rapid  poisoning  by  a  large 
dose  of  alcohol,  which  alone  concern  us,  the  preliminary,  and  too 
familiar  excitement  of  the  drunkard,  may  be  hardly  observable  ; 
but  the  second  stage,  that  of  depression,  rapidly  sets  in ;  the 
unhappy  victim  sinks  down  to  the  ground  helpless,  the  face  pale, 
the  eyes  injected  and  staring,  the  pupils  dilated,  acting  sluggishly 
to  light,  and  the  skin  remarkably  cold.  Frantzel*  found,  in  a 
case  in  which  the  patient  survived,  a  temperature  of  only  24-6° 
in  the  rectum,  and  in  that  of  another  person  who  died,  a  tempera- 
ture of  23-8°.  The  mucous  membranes  are  of  a  peculiar  dusky 
blue ;  the  pulse,  which  at  first  is  quick,  soon  becomes  slow  and 
small;  the  respiration  is  also  slowed,  intermittent,  and  stertorous; 
there  is  complete  loss  of  consciousness  and  motion ;  the  bi'eath 
smells  strongly  of  the  alcoholic  drink,  and  if  the  coma  continues 
there  may  be  vomiting  and  involuntary  passing  of  excreta. 
Death  ultimately  occurs  through  paralysis  of  the  respiratory 
centres.  Convulsions  in  adults  are  rare,  in  children  frequent. 
Death  has  more  than  once  been  immediately  caused,  not  by 

ihe  remainder  administered  by  force.  About  one-eighth  of  a  pint  is  said  to 
have  been  given  to  each  child.  Both  vomited  somewhat,  then  lying  down', 
stertorous  breathing  at  once  came  on,  and  they  quickly  died.  The  autopsy, 
•three  days  after  death,  showed  dilatation  of  the  pupils  ;  rigor  mortis  present 
in  the  boy,  not  in  the  girl ;  and  the  membranes  of  the  brain  filled  with  dark 
fluid  blood.  The  smell  of  alcohol  was  perceptible  on  opening  the  chest ; 
the  mucous  membrane  of  the  bronchial  tubes  and  gullet  was  normal,  both 
lungs  oedematous,  the  fine  tubes  gorged  with  a  bloody  frothy  fluid,  and  the 
mucous  membrane  of  the  whole  intestinal  canal  was  reddened.  The  stomach 
was  not,  unfortunately,  examined,  being  rc:served  for  chemical  analysis. 
J  he  heart  was  healthy;  the  pericardium  contained  some  straw-coloured 
liuid.  Chemical  analysis  gave  an  entirely  negative  result,  which  must  have 
been  from  insufficient  material  having  been  submitted  to  the  analyst  for  I 
cannot  see  how  the  vapours  of  alcohol  could  have  been  detected  by  the  smell 
and  yet  have  evaded  chemical  processes.  ' 
•  *  ^emperaturerniedrigung  durch  AlcohoUnloxkation,  Charlt6  Annalen, 

1.,  oil.  ' 
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the  poison,  but  by  accidents  dependent  upon  loss  of  consciousness. 
Thus  food  has  been  sucked  into  the  air-tubes,  or  the  person  has 
fallen,  so  that  the  face  was  buried  in  water,  ordure,  or  mud; 
here  suffocation  has  been  induced  by  mechanical  causes. 

A  remarkable  course  not  known  with  any  other  narcotic  is 
that  in  which  the  symptoms  remit,  the  person  wakes  up,  as  it 
were,  moves  about  and  does  one  or  more  rational  acts  and  then 
suddenly  dies.  In  this  case  also,  the  death  is  not  directly  due 
to  alcohol,  but  indirectly — the  alcohol  having  developed  oedema, 
pneumonia,  or  other  affection  of  the  lungs,  which  causes  the 
sudden  termination  when  the  first  effect  of  the  poison  has  gone 
off.  The  time  tha1f;5^y  elapse  from  the  commencement  of  coma 
till  death  varies  from  a  few  minutes  to  days ;  death  has  occurred 
after  a  quarter  of  an  hour,  half  an  hour,  and  an  hour.  It 
has  also  been  prolonged  to  three,  four,  and  six  days,  during 
the  whole  of  which  the  coma  has  continued.  The  average  period 
may,  however,  be  put  at  from  six  to  ten  hours. 

§  136.  Post-mortem  Aiypmrances. — Cadaveric  rigidity  lasts 
tolerably  long.  Casper  has  seen  it  still  existing  nine  days  after 
death,  and  Seidel  *  seven  days  (in  February).  Putrefaction  is 
retarded  in  those  cases,  in  which  a  very  large  dose  has  been 
taken,  but  this  is  not  a  very  noticeable  or  constant  characteristic. 
The  pupils  are  mostly  dilated.  The  smell  of  alcohol  should  be 
watched  for,  but  it  will  only  be  present  in  cases  where  but  a 
short  time  has  elapsed  between  the  taking  of  the  poison  and 
death;  putrefaction  may  also  conceal  it.  Under  favourable 
circumstances,  especially  if  the  weather  is  cold,  the  alcoholic 
smell  may  remain  a  long  time.  Alcohol  may  cause  the  most 
intense  redness  and  congestion  of  the  stomach.  The  most 
inflamed  stomach  I  ever  saw,  short  of  inflammation  by  the 
corrosive  poisons,  was  that  of  a  sailor,  who  died  suddenly  after 
a  twenty-four  hours'  drinking  bout:  all  the  organs  of  the  body  were 
fairly  healthy,  the  man  had  suffered  from  no  disease ;  analysis 
could  detect  no  poison  but  alcohol ;  and  the  history  of  the  case, 
moreover,  proved  clearly  that  it  was  a  pure  case  of  alcoholic 
poisoning. 

In  a  case  related  by  Taylor,  in  which  a  child  drank  four  ounces 
of  brandy  and  died,  the  mucous  membrane  of  the  stomach 
presented  patches  of  intense  redness,  and  in  several  places  was 
thickened  and  softened,  some  portions  being  actually  detached 
and  hanging  loose,  and  there  were  evident  signs  of  extravasations 
of  blood.  The  effect  may  not  be  confined  to  the  stomach,  but 
extend  to  the  duodenum  and  even  to  the  whole  intestinal  canal. 

*  Seidel,  Maschka's  Handbuch,  Bd.  ii.,  p.  380. 
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The  blood  is  generally  dark  and  fluid,  and  usually  the  contents 
of  the  skull  are  markedly  hypersemic,  the  pia  very  full  of  blood, 
the  sinuses  and  plexus  gorged  ;  occasionally,  the  brain-substance 
shows  signs  of  unusual  congestion ;  serum  is  often  found  in  the 
ventricles.  The  great  veins  of  the  neck,  the  lungs,  and  the 
right  side  of  the  heart,  are  very  often  found  full  of  blood,  and 
th'e  left  side  empty.  (Edema  of  the  lungs  also  occurs  with 
tolerable  frequency.  The  great  veins  of  the  abdomen  are  also 
filled  with  blood,  and  if  the  coma  has  been  prolonged  without 
surgical  aid,  the  bladder  will  be  distended  with  urine.  A  rare 
phenomenon  has  been  also  noticed — namely,  the  occurrence  of 
blebs  on  the  extremities,  &c.,  just  as  if  the  part  alfected  had 
been  burnt  or  scalded.  Lastly,  with  the  changes  directly  due 
to  the  fatal  dose  may  be  included  all  those  degenerations  met 
-with  in  the  chronic  drinker,  provided  the  case  had  a  history  of 
previous  intemperance. 

§  137.  Excretion  of  Alcohol. — Alcohol,  in  the  diluted  form,  is 
quickly  absorbed  by  the  blood-vessels  of  the  stomach,  &c.,  and 
•circulates  in  the  blood ;  but  what  becomes  of  it  afterwards  is  by 
no  means  settled.  I  think  there  can  be  little  doubt  that  the 
lungs  are  the  main  channels  through  which  it  is  eliminated ; 
-with  persons  given  up  to  habits  of  intemperance,  the  breath  has 
constantly  a  very  peculiar  ethereal  odour,  probably  dependent 
upon  some  highly  volatile  oxidised  product  of  alcohol. 

Alcohol  is  eliminated  in  small  proportion  only  by  the  kidneys. 
Thudichum,  in  an  experiment*  by  which  4,000  grms.  of  absolute 
alcohol  were  consumed  by  thirty-three  men,  could  only  find  in 
the  collected  urine  10  grms.  of  alcohol.  The  numerous  experi- 
ments by  Dupre  also  establish  the  same  truth,  that  but  a 
fraction  of  the  total  alcohol  absorbed  is  excreted  by  the  kidneys. 
According  to  Lallemand,  Perrin,  and  Duroy,  the  content  of  the 
train  in  alcohol  is  more  than  that  of  the  other  organs.  I  have 
found  also  that  the  brain  after  death  has  a  wonderful  attraction 
for  alcohol,  and  yields  it  up  at  a  water-heat  very  slowly  and  with 
diflB.culty.  In  one  experiment,  in  which  a  finely-divided  portion 
of  brain,  which  had  been  soaking  in  alcohol  for  many  weeks,  was 
submitted  to  a  steam  heat  of  100",  twenty-four  hours'  consecutive 
heating  failed  to  expel  every  trace  of  spirit. 

It  is  probable  that  true  alcoholates  of  the  chemical  con- 
stituents of  the  brain  are  formed.  In  the  case  of  vegetable 
colloidal  bodies,  such,  for  example,  as  the  pulp  of  cherries,  a 
similar  attraction  has  been  observed,  the  fruit  condensing,  as 
it  were,  the  alcohol  in  its  own  tissues,  and  the  outer  liquid 

*  See  Thudichum's  "Pathology  of  the  Urine,"  London,  1877,  in  which 
Doth  his  own  and  Dr.  Duprd's  experiments  are  summarised. 
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being  of  less  alcoholic  strength  than  that  which  can  be  expressed 
from  the  steeped  cherries.  Alcohol  is  also  excreted  by  the 
sweat,  and  minute  fractions  have  been  found  in  the  fteces. 

§  138.  Toxicological  Detection  of  Alcohol.~(see  vol.  i.,  "Foods," 
369-384).  The  living  cells  of  the  body  produce  minute  quantities 
of  alcohol,  and  it  is  often  found  in  traces  in  putrefying  fluids. 
Hence,  mere  qualitative  proofs  of  the  presence  of  alcohol  are 
insufficient  on  which  to  base  an  opinion  as  to  whether  alcohol 
had  been  taken  during  life  or  not,  and  it  will  be  necessary  to 
estimate  the  quantity  accurately  by  some  of  the  processes 
detailed  in  vol  i.,  p.  373,  et  seq.  In  those  cases  in  which  alcohol 
is  found  in  quantity  in  the  stomach,  there  can,  of  course,  be  no 
difficulty  ;  in  others,  the  whole  of  the  alcohol  may  have  been 
absorbed,  and  chemical  evidence,  unless  extremely  definite,  must 
be  supplemented  by  other  facts. 


2.  AMYLIC  ALCOHOL. 

§  139.  Amylic  Alcohol. — Formula  (O^Hj^HO).— There  is  more 
than  one  amylic  alcohol.  The  amylic  alcohols  are  identical  in  their 
chemical  composition,  but  differ  in  certain  physical  properties, 
normal  amylic  alcohol  boiling  at  135°,  and  iso-amyl  alcohol  at 
from  128-132°.  The  latter  has  a  specific  gravity  of  -8148,  and  is 
the  variety  produced  by  fermentation  and  present  in  fusel  oil. 

§  140.  The  experiments  of  Eulenberg*  on  rabbits.  Cross  f  on 
pigeons,  Rabuteau  %  on  frogs,  and  Furst  on  rabbits,  with  those  of 
Dr.  W.  B.  Richardson  §  on  various  animals,  have  shown  it  to 
be  a  powerful  poison,  more  especially  if  breathed  in  a  state  of 
vapour. 

Dr.  Richardson,  as  the  result  of  his  investigations,  considers 
that  amyl  alcohol  when  breathed  sets  up  quite  a  peculiar  class  of 
symptoms  which  last  for  many  hours,  and  are  of  such  a  character, 
that  it  might  be  thought  impossible  for  the  animal  to  recover, 
although  they  have  not  yet  been  known  to  prove  fatal.  There 
is  muscular  paralysis  with  paroxysms  of  tremulous  convulsions ; 
the  spasms  are  excited  by  touching  the  animal,  breathing  upon 
it,  or  otherwise  subjecting  it  to  trifling  excitation. 

§  141.  Hitherto,  neither  the  impure  fusel  oil,  nor  the  purer 

*  Gewerbe  Hygiene.    1876,  p.  440. 

+  De  V Alcohol  Amylique  et  Methyl  zur  VOraanisme.  Th&se.  Strasburg,. 
1863. 

X  Ueber  die  Wirlcung  des  Aethyl,  Butyl  u.  Amyl  Alcohols.  UUnion,  Nos. 
90,  91,  1870.    Schmidts  Jahrh.    Bd.  149,  p.  263. 

§  Trans.  Brit.  Association,  1864,  1865,  and  1866.  Also,  Brit,  and  Foreign- 
Med.  Chir.  Rev.,  Jan.  7,  1867,  p.  247. 
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chemical  preparation  has  had  any  toxicological  importance. 
Should  it  be  necessary  at  any  time  to  recover  small  quantities 
from  organic  liquids,  the  easiest  way  is  to  shake  the  liquid  up 
-with  chloroform,  which  readily  dissolves  amylic  alcohol,  and  on 
evaporation  leaves  it  in  a  state  pure  enough  to  be  identified. 
Amyl  alcohol  is  identified  by  the  following  tests : — (1.)  Its 
physical  properties;  (2.)  If  warmed  with  twice  its  volume  of 
strong  sulphuric  acid,  a  rose  or  red  colour  is  produced ;  (3.) 
Heated  with  an  acetate  and  strong  sulphuric  acid,  amyl  acetate^ 
which  has  the  odour  of  the  jargonelle  pear,  is  formed ;  (4.) 
Heated  with  sulphuric  acid  and  potassic  dichromate,  valeric 
alcehyde  is  first  produced,  and  then  valeric  acid  is  formed ;  the 
latter  has  a  most  pecuHar  and  strong  odour. 

§  142.  Amyl  NUrite,_  (CaHnNOz).— Boiling  point  95°  to  100°,  specific 
gravity  'S??.  Amyl  nitrite  is  a  limpid,  and,  generally,  slightly  yellow 
liquid ;  it  has  a  peculiar  and  characteristic  odour.  On  heating  with 
alcoholic  potash,  the  products  are  nitrite  of  potash  and  amylic  alcohol ;  the 
amylic  alcohol  may  be  distilled  off  and  identified.  The  presence  of  a  nitrite- 
in  the  alkaline  solution  is  readUy  shown  by  the  colour  produced,  by  adding 
a  few  drops  of  a  solution  of  meta-phenylene-diamine. 

Dr.  B.  W.  Richardson  and  others  have  investigated  the  action  of  amyL 
nitrite,  as  weU  as  that  of  the  acetate'  and  iodide  ;  they  all  act  ia  a  similar 
manner,  the  nitrite  being  most  potent.  After  absorption,  the  effects  of 
amyl  nitrite  are  especially  seen  on  the  heart  and  circulation ;  the  heart- 
acts  violently,  there  is  first  dilatation  of  the  capillaries,  then  this  is  followed, 
by  diminished  action  of  the  heart  and  contraction  of  the  capillaries. 

According  to  Dr.  Richardson,  it  suspends  the  animation  of  frogs.  No  other 
substance  known  will  thus  suspend  a  frog's  animation  for  so''  long  a  time 
without  killing  it.  Under  favourable  circumstances,  the  animal  will 
remam  apparently  dead  for  many  days,  and  yet  recover.  Warm-blooded 
animals  may  be  thrown  by  amylic  alcohol  into  a  cataleptic  condition.  It  i» 
not  an  anaesthetic,  and  by  its  use  consciousness  is  not  destroyed,  unless  a 
condition  approaching  death  be  first  produced.  When  this  occurs  there  is 
rarely  recovery,  the  animal  passes  into  actual  death. 

Post-mortem  Appearances.— U  administered  quickly,  the  lungs  and  all 
the  other  organs  are  found  blanched  and  free  from  blood,  the  right  side  of 
the  heart  gorged  with  blood,  the  left  empty,  the  brain  being  free  from  con- 
gestion. If  adimnistered  slowly,  the  brain  is  found  congested,  and  there  ia 
blood  both  on  the  left  and  right  sides  of  the  heart. 

LEEDS      WpcjT.O|r  , 


I  v.— E  THEE. 


§  143.  Ether  Ethyhc  Ether,  Ethyl  Oxide,  (C2H5),0.-Ethyli<? 
ether  as  a  highly  mobile  liquid  of  peculiar  pLetrating  odou? 
and  sweetish  pungent  taste.    It  is  perfectly  colourless,  and 
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evaporates  so  rapidly,  that  when  applied  in  the  form  of  spray 
to  the  skin,  the  latter  becomes  frozen,  and  is  thus  deprived  of 
sensibility. 

Pure  ether  has  a  density  of  'TIS,  its  boiling  point  is  35°,  but 
commercial  samples,  which  often  contain  water,  (one  part  of 
water  is  soluble  in  thirty-five  of  ether),  may  have  a  higher 
gravity,  and  also  a  higher'  boiling  point.  The  readiest  way 
to  know  whether  an  ether  is  anhydrous  or  not,  is  to  shake  it 
up  with  a  little  carbon  disulphide.  If  it  is  hydrous,  the  mixture 
is  milky.  Methylated  ether  is  largely  used  in  commerce ;  its 
disagreeable  odour  is  due  to  contamination  by  methylated  com- 
pounds ;  otherwise  the  ether  made  from  methylated  spirit  is 
ethylic  ether,  for  methylic  ether  is  a  gas  which  escapes  during 
the  process.  Hence  the  term  "  methylated  "  ether  is  misleading, 
for  it  contains  no  methylic  ether,  but  is  essentially  a  somewhat 
impure  ethylic  ether. 

§  144.  Ether  as  a  Poisore. —Ether  has  but  little  toxicological 
importance.  There  are  a  few  cases  of  death  from  its  use  as  an  anaes- 
thetic, and  a  few  cases  of  suicide.  Ether  is  used  by  some  people 
.as  a  stimulant,  but  ether  drinkers  are  uncommon.  It  causes  an 
intoxication  very  similar  to  that  of  alcohol,  but  of  brief  duration. 
In  a  case  of  chronic  ether-taking  recorded  by  Martin,*  in  which 
a  woman  took  daily  doses  of  ether  for  the  purpose  of  allaying  a 
gastric  trouble,  the  patient  suffered  from  shivering  or  trem- 
I)ling  of  the  hands  and  feet,  muscular  weakness,  cramp  in  the 
calves  of  the  legs,  pain  in  the  breast  and  back,  intermittent 
teadaches,  palpitation,  singing  in  the  ears,  vomitings  and  wake- 
fulness; the  ether  being  discontinued,  the  patient  recovered. 
In  one'  of  Orfila's  experiments,  half  an  ounce  of  ether  was 
■administered  to  a  dog.  The  animal  died  insensible  in  three 
hours.  The  mucous  membrane  of  the  stomach  was  found  highly 
inflamed,  the  inflammation  extending  somewhat  into  the  duo- 
denum ;  the  rest  of  the  canal  was  healthy.  The  lungs  were 
gorged  with  fluid  blood. 

S  145  Fatal  i)ose.— The  fatal  dose  of  ether,  when  taken  as  a 
liquid,  is  not  known.  4  grms.  (1-28  drms.)  cause  toxic  symptoms, 
"but  the  eff'ect  soon  passes.  Buchanan  has  seen  a  brandy-drmker 
consume  25  grms.  (64  drms.)  and  yet  survive.  It  is  probable 
that  most  adults  would  be  killed  by  a  fluid  ounce  (284  cc.) 

8  146  Ether  as  an  JritssiAeiic— Ether  is  now  much  used  as 
an  anaesthetic,  and  generally  in  conjunction  with  chloroform. 
Anaesthesia  by  ether  is  said  to  compare  favourably  with  that 
induced  by  chloroform.    In  92,000  cases,  of  operations  performed 

*  Virchow's  t/a/irfiifier.,  1870. 
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under  etiier,  the  proportion  dying  from  the  effects  of  the  anaesthetic 
-was  only  -3  per  10,000  (Morgan),  while  chloroform  gives  a  higher 
number  (see  p.  135).  The  mortality  in  America,  again,  from  a 
mixture  of  chloroform  and  ether  in  11,000  cases  is  reckoned  at 
1-7  per  10,000;  but  this  proportion  is  rather  above  some  of  the 
calculations  relative  to  the  mortality  from  pure  chloroform,  so 
that  the  question  can  hardly  be  considered  settled.  The 
symptoms  of  ether  narcosis  are  very  similar  to  those  produced 
by  chloroform.  The  chief  point  of  difference  appears  to  be  its 
action  on  the  heart.  Ether,  when  first  breathed,  stimulates  the 
heart's  action,  and  the  after-depression  that  follows  never  reaches 
so  high  a  grade  as  with  chloroform.  Ether  is  said  to  kill  by 
paralysing  the  respiration,  and  in  cases  which  end  fatally  the 
breathing  is  seen  to  stop  suddenly :  convulsions  have  not  been 
noticed.  The  post-mortem  appearances,  as  in  the  case  of  chloro- 
form, are  not  characteristic. 

§  147.  Separation  of  Ether  from  Organic  Fluids,  &c. — Despite 
the  low  boiling-point  of  ether,  it  is  by  no  means  easy  to  separate 
it  from  organic  substances  so  as  to  recover  the  whole  of  the  ether 
present.  The  best  way  is  to  place  the  matters  in  a  flask  con- 
nected with  an  ordinary  Liebig's  condenser,  the  tube  of  the 
latter  at  its  farther  end  fitting  closely  into  the  doubly  perforated 
cork  of  a  flask.  Into  the  second  perforation  is  adapted  an 
upright  tube  about  two  feet  long,  which  may  be  of  small 
diameter,  and  must  be  surrounded  by  a  freezing  mixture  of  ice 
and  salt.  The  upper  end  of  this  tube  is  closed  by  a  thistle-head 
funnel  with  syphon,  and  in  the  bend  of  the  syphon  a  little 
mercury  serves  as  a  valve.  Heat  is  now  applied  to  the  flask  by 
means  of  a  water-bath,  and  continued  for  several  hours;  the 
liquid  which  has  distilled  over  is  then  treated  with  dry  calcic 
chloride  and  redistilled  exactly  in  the  same  way.  To  this  dis- 
tillate again  a  similar  process  may  be  used,  substituting  dry 
potassic  carbonate  for  the  calcic  chloride.  It  is  only  by  opera- 
tmg  on  these  principles  that  the  expert  can  recover  in  an 
approximate  state  of  anhydrous  purity  such  a  volatile  liquid. 
Having  thus  obtained  it  pure,  it  may  be  identified  (1.)  by  its 
smell,  (2  )  by  its  boiling-point,  (3.)  by  its  inflammability,  and 
J4.)  by  Its  reducing  chromic  acid.  The  latter  test  may  be  applied 
to  the  vapour.  An  asbestos  fibre  is  soaked  in  a  mixture  of 
strong  sulphuric  acid  and  potassic  dichromate,  and  then  placed 
in  the  tube  connected  with  the  flask-the  ethereal  (or  alcoholic) 
Tapour  passing  over  the_  fibre,  immediately  reduces  the  chromic 
acid  to  chromic  oxide,  with  the  production  of  a  green  colour 
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v.— CHLOROFORM. 


CHLOEOFOEM,  TEICHLOEOMETHANE  OE  METHENYL 
CHLOEIDE,  (CHCI3). 

§  148.  Chloroform  appears  to  have  been  discovered  indepen- 
dently by  Soubeyran  and  Liebig,  about  1830.  It  was  first 
employed  in  medicine  by  Simpson,  of  Edinburgh,  as  an  ansesthetic. 
Pure  chloroform  has  a  density  of  1-491  at  17°,  and  boils  at  60-8° ; 
but  commercial  samples  have  gravities  of  from  1-47  to  1"491. 
It  is  a  colourless  liquid,  strongly  refracting  light ;  it  cannot  be 
ignited  by  itself,  but,  when  mixed  with  alcohol,  bums  with  a 
smoky  flame  edged  with  green.  Its  odour  is  heavy,  but  rather 
pleasant ;  the  taste  is  sweet  and  burning. 

Chloroform  sinks  in  water,  and  is  only  slightly  soluble  in  that 
fluid  (-44  in  100  cc),  it  is  perfectly  neutral  in  reaction,  and  very 
volatile.  When  rubbed  on  the  skin,  it  should  completely 
evaporate,  leaving  no  odour.  Pure  absolute  chloroform  gives 
an  opaline  mixture  if  mixed  with  from  one  to  five  volumes  of 
alcohol,  but  with  any  quantity  above  five  volumes  the  mixture 
is  clear;  it  mixes  in  all  proportions  with  ether.  Chloroform 
coagulates  albumen,  and  is  an  excellent  solvent  for  most  orga,nic 
bases — camphor,  caoutchouc,  amber,  opal,  and  all  common  resins. 
It  dissolves  phosphorus  and  sulphur  slightly,— more  freely 
iodine  and  bromine.  It  floats  on  hydric  sulphate,  which  only 
attacks  it  at  a  boiling  heat. 

Chloroform  is  not  unfrequently  adulterated,  or  (perhaps  a 
better  term  would  be)  made  impure  from  faulty  manufacture. 
The  impurities  to  be  sought  are  alcohol,  methylated  chloroform,* 
dichloride  of  ethylene,  (CgH^Olg),  chloride  of  ethyl,  (CgHgOl), 
aldehyde,  chlorine,  hydrochloric,  hypochlorous,  and  traces  of 
sulphuric  acid  :  there  have  also  been  found  chlorinated  oils. 
One  of  the  best  tests  for  contamination  by  alcohol,  wood  spirit, 
or  ether,  is  that  known  as  Roussin's ;  dinitrosulphide  of  iron  t 
is  added  to  chloroform.  If  it  contain  any  of  these  impurities,  it 
acquires  a  dark  colour,  but  if  pure,  remains  bright  and  colourless. 

*  Methylated  chloroform  is  that  which  is  prepared  from  methylated 
spirit.    It  is  Hable  to  more  impurities  than  that  made  f-^^  f 
hut,  of  course,  its  composition  is  the  same  and  it  has  recently  been 
manufactured  from  this  source  almost  chemicaUy  pure.   

+  Made  by  slowly  adding  ferric  sulphate  to  a  boihng  solution  of  ammonic 
sulphide  and  potasL  nitrite,  as  long  as  the  precipitate  contmues  to  redis- 
solve,  and  then  filtering  the  solution. 
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The  presence  of  alcohol  or  ether,  or  both,  may  also  be  dis- 
covered by  the  bichromate  test,  which  is  best  applied  as 
follows  : — A  few  milligrammes  of  potassic  bichromate  are  placed 
at  the  bottom  of  a  test-tube  with  four  or  five  drops  of  sul- 
phuric acid,  which  liberates  the  chromic  acid ;  next,  a  very 
little  water  is  added  to  dissolve  the  chromic  acid ;  and  lastly, 
the  chloroform.  The  whole  is  now  shaken,  and  allowed  to 
separate.  If  the  chloroform  is  pure,  the  mass  is  hardly  tinged 
a  greenish-yellow,  and  no  layer  separates.  If,  however,  there  is 
anything  like  5  per  cent,  of  alcohol  or  ether  present,  the  deep 
green  of  chromium  chloride  appears,  and  there  is  a  distinct  layer 
at  the  bottom  of  the  tube. 

Another  way  to  detect  alcohol  in  chloroform,  and  also  to 
make  an  approximate  estimation  of  its  quantity,  is  to  place 
20  cc.  of  chloroform  in  a  burette,  and  then  add  80  cc.  of  water. 
On  shaking  violently,  pure  chloroform  will  sink  to  the  bottom 
in  clear  globules,  and  the  measurement  will  be  as  nearly  as 
possible  the  original  quantity ;  but  if  anything  like  a  percentage 
of  alcohol  be  present,  the  chloroform  is  seen  to  be  diminished 
in  quantity,  and  its  surface  is  opalescent,  the  diminution  being 
caused  by  the  water  dissolving  out  the  alcohol.  The  addition  of  a 
few  drops  of  potash  solution  destroys  the  meniscus,  and  allows 
of  a  close  reading  of  the  volume.    The  supernatant  water  may 
be  utilised  for  the  detection  of  other  impurities,  and  tested  for 
sulphuric  acid  by  baric  chloride,  for  free  chlorine  and  hypo- 
chlorous  acid  by  starch  and  potassic  iodide,  and  for  hydrochloric 
acid  by  silver  nitrate.*     Fuchsine,  proposed  by  Stoedeler,  is 
also  a  delicate  reagent  for  the  presence  of  alcohol  in  chloroform, 
the  sample  becoming  red  in  the  presence  of  alcohol,  and  the  tint 
being  proportionate  to  the  quantity  present.     The  most  delicate 
test  for  alcohol  is,  however,  the  iodoform  test  fully  described 
in  vol.  i.,  «  Foods,"  p.  375.1    Dichloride  of  ethylene  is  detected 
by  shaking  up  the  chloroform  with  dry  potassic  carbonate,  and 
then  adding  metallic  potassium.     This  does  not  act  on  pure 
chloroform,  but  only  in  presence  of  ethylene  dichloride,  when 
the  gaseous  chlor-ethylene  (CgHgCl)  is  evolved.  Ethyl-chloride 
IS  detected  by  distilling  the  chloroform  and  collecting  the  first 

*  Neither  an  alcoholic  nor  an  aqueous  solution  of  silver  nitrate  causes  the 
slightest  change  in  pure  chloroform. 

nili^^"  ^**®"P*  has  been  made  by  Besnou  to  estimate  the  amount  of 
alcohol  by  the  specific  gravity.  He  found  that  a  chloroform  of  1-4945 
gravity,  muced  with  5  per  cent,  of  alcohol,  gave  a  specific  gravity  of  1  •4772  • 
wou^M  r*-'/'^^^''  Zl''  ^'^261;  and  25  per  lent. 4090  It 

by  iosJ  ^^"^y  percentage  of  alcohol  lower^  the  gravity. 
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portions  of  the  distillate ;  it  will  have  a  distinct  odour  of  ethyl- 
chloride  should  it  be  present.  Methyl  compounds  and  empy- 
reumatic  oils  are  roughly  detected  by  allowing  the  chloroform 
to  evaporate  on  a  cloth.  If  present,  the  cloth,  when  the  chloro- 
form has  evaporated,  will  have  a  peculiar  disagreeable  odour. 
Aldehyde  is  recognised  by  its  reducing  action  on  argentic 
nitrate ;  the  mineral  acids  by  the  reddening  of  litmus  paper, 
and  the  appropriate  tests.  Hypochlorous  acid  first  reddens, 
and  then  bleaches,  litmus  paper. 

§  149.  The  ordinary  method  of  manufacturing  chloroform  is 
by  distilling  alcohol  with  chlorinated  lime ;  but  another  mode 
is  now  much  in  use — viz.,  the  decomposition  of  chloral  hydrate. 
By  distilling  it  with  a  weak  alkali,  this  process  yields  such  a 
pure  chloroform,  that,  for  medicinal  purposes,  it  should  super- 
sede every  other. 


POISONOUS  EFFECTS  OP  CHLOEOFOKM. 
1.  As  a  Liquid. 

§  150.  Statistics.— Falck  finds  recorded  in  medical  literature 
twenty-seven  cases  of  poisoning  by  chloroform  having  been 
swallowed— of  these  fifteen  were  men,  nine  were  women,  and 
three  children.  Eighteen  of  the  cases  were  suicidal,  and  ten 
of  the  eighteen  died ;  the  remainder  took  the  liquid  by  mistake. 

§  151.  Local  Action  of  Chloroform.— When  applied  to  the  skin 
or  mucous  membranes  in  such  a  way  that  the  fluid  cannot 
evaporate— as,  for  example,  by  means  of  a  cloth  steeped  m 
chloroform  laid  on  the  bare  skin,  and  covered  over  with  some 
impervious  material— there  is  a  burning  sensation,  which  soon 
ceases,  and  leaves  the  part  ansesthetised,  while  the  skm,  at  the 
same  time,  is  reddened  and  sometimes  even  blistered. 

§  152  Chloroform  added  to  blood,  or  passed  through  it  m  the 
state  of  vapour,  causes  it  to  assume  a  peculiar  brownish  colour, 
owing  to  destruction  of  the  red  corpuscles  and  solution  ot  the 
haemoglobin  in  the  plasma.  The  change  does  nof  require  the 
presence  of  atmospheric  air,  but  takes  place  equally  in  an  atmos- 
■  phere  of  hydrogen.  It  has  been  shown  by  Schmiedeberg  that 
the  chloroform  enters  in  some  way  into  a  state  of  combination 
with  the  blood-corpuscles,  for  the  entire  quantity  cannot  be 
recovered  by  distillation;  whereas  the  plasma,  similarly  treated, 
yields  the  entire  quantity  which  has  in  the  first  place  been 
kdded.  S.  Schmiedeberg  also  asserts  that  ^^e  oxygen  is  m 
firmer  combniation  with  the  chloroformised  blood  than  usual, 
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as  shown  by  its  slow  extraction  by  stannous  oxide._  Muscle, 
exposed  to  chloroform  liquid  by  arterial  injection,^  quickly  loses 
excitability  and  becomes  rigid.  Nerves  are  first  stimulated,  and 
then  their  function  for  the  time  is  annihilated ;  but  on  evapora- 
tion of  the  chloroform,  the  function  is  restored. 

§  153.  General  Effects  of  the  Liquid. — However  poisonous  in 
a  state  of  vapour,  chloroform  cannot  be  considered  an  extremely 
active  poison  when  taken  into  the  stomach  as  a  liquid,  for 
enormous  quantities,  relatively,  have  been  drunk  without  fatal 
effect.  Thus,  there  is  the  case  recorded  by  Taylor,  in  which  a 
man,  who  had  swallowed  1184  grms.  (4  oz.),  walked  a  con- 
siderable distance  after  taking  the  dose.  He  subsequently  fell 
into  a  state  of  coma,  with  dilated  pupils,  stertorous  breathing, 
and  imperceptible  pulse.  These  symptoms  were  followed  by 
convulsions,  but  the  patient  recovered  in  five  days. 

In  a  case  related  by  Burkart,*  a  woman  desired  to  kill  herself 
with  chloroform,  and  procured  for  that  purpose  50  grms.  (a  little 
more  than  one  ounce  and  a  half) ;  she  drank  some  of  it,  but  the 
burning  taste  and  the  sense  of  heat  in  the  mouth,  throat,  and 
stomach,  prevented  her  from  taking  the  whole  at  once.  After 
a  few  moments,  the  pain  passing  ofi",  she  essayed  to  drink  the 
remainder,  and  did  swallow  the  greater  portion  of  it,  but  was 
again  prevented  by  the  suffering  it  caused.  Finally,  she  poured 
what  remained  on  a  cloth,  and  placing  it  over  her  face,  soon 
sank  into  a  deep  narcosis.  She  was  found  lying  on  the  bed 
very  pale,  with  blue  Hps,  and  foaming  a  little  at  the  mouth; 
the  head  was  rigidly  bent  backwards,  the  extremities  were  lax, 
the  eyes  were  turned  upwards  and  inwards,  the  pupils  dilated 
and  inactive,  the  face  and  extremities  were  cold,  the  body  some- 
what warmer,  there  was  no  pulse  at  the  wrist,  the  carotids  beat 
feebly,  the  breathing  was  deep  and  rattling,  and  after  five  or 
six  inspirations  ceased.  By  the  aid  of  artificial  respiration,  &c., 
she  recovered  in  an  hour. 

A  still  larger  dose  has  been  recovered  from  in  -the  case  of  a 
young  man,  aged  twenty-three,  f  who  had  swallowed  no  less  than 
75  grms.  (2^  ounces)  of  chloroform,  but  yet,  in  a  few  hours, 
awoke  from  the  stupor.  He  complained  of  a  burning  pain  in 
the  stomach ;  on  the  following  day  he  sufiered  from  vomiting, 
and  on  the  third  day  symptoms  of  jaundice  appeared,— a  feature 
which  has  been  several  times  noticed  as  an  effect  of  chloroform. 

On  the  other  hand,  even  small  doses  have  been  known  to 
destroy  life.    In  a  case  related  by  Taylor,  a  boy,  aged  four, 

*  Vierteljahrsschr.  fiir  Ger.  Med.,  1876. 
t  Brit.  Med.  Joiirn.,  1879. 
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swallowed  3-8  grm.  (1  drachm)  of  chloroform  and  died  in  three 
hours,  notwithstanding  that  every  effort  was  used  for  his 
recovery. 

§  154.  The  smallest  dose  that  has  proved  fatal  to  mi  adult  is 
15  grms.  (nearly  4  drachms.) 

From  twenty-two  cases  in  which  the  quantity  taken  had  been 
ascertained  with  some  degree  of  accuracy,  Falck  draws  the 
following  conclusions : — In  eight  of  the  cases  the  dose  was 
between  4  and  30  grms.,  and  one  death  resulted  from  15  grms. 
As  for  the  other  fourteen  persons,  the  doses  varied  from  35  to  380 
grms.,  and  eight  of  these  patients  died — two  after  40,  two  after 
45,  one  after  60,  90,  120  and  180  grms.  respectively.  Hence, 
under  conditions  favouring  the  action  of  the  poison,  15  grms. 
^3-8  drachms)  may  be  fatal  to  an  adult,  whUe  doses  of  40  grms. 
(10"3  drachms)  and  upwards,  will  almost  certainly  kill. 

§  155.  Symptoms. — The  symptoms  can  be  well  gathered  from 
the  cases  quoted.  They  commence  shortly  after  the  taking  of  the 
poison ;  and,  indeed,  the  local  action  of  the  liquid  immediately 
causes  first  a  burning  sensation,  followed  by  numbness. 

Often  after  a  few  minutes,  precisely  as  when  the  vapour  is 
administered,  a  peculiar,  excited  condition  supervenes,  accom- 
panied, it  may  be,  by  delirium.  The  next  stage  is  narcosis,  and 
the  patient  lies  with  pale  face  and  livid  lips,  (fee,  as  described 
at  p.  137  ;  the  end  of  the  scene  is  often  preceded  by  convulsions. 
Sometimes,  however,  consciousness  returns,  and  the  irritation  of 
the  mucous  membranes  of  the  gastro-intestinal  canal  is  shown  by 
bloody  vomiting  and  bloody  stools,  with  considerable  pain  and 
general  suffering.  In  this  way,  a  person  may  linger  several 
days  after  the  ingestion  of  the  poison.  In  a  case  observed  by 
Pomeroy,  the  fatal  malady  was  prolonged  for  eight  days.  Among 
those  who  recover,  a  common  scequela,  as  before  mentioned,  is 
jaundice. 

A  third  form  of  symptoms  has  been  occasionally  observed, 
viz  : — the  person  awakes  from  the  coma,  the  breathing  and  pulse 
become  again  natural,  and  all  danger  seems  to  have  passed,  when 
suddenly,  after  a  longer  or  shorter  time,  without  warning,  a 
state  of  general  depression  and  collapse  supervenes,  and  death 
occurs. 

§  156.  Post-mortem  Appearances. — The  ^os«-7?iorfem  appearances 
from  a  fatal  dose  of  liquid  chloroform  mainly  resolve  themselves 
into  redness  of  the  mucous  membrane  of  the  stomach,  though 
occasionally,  as  in  Pomeroy's  case,  there  may  be  an  ulceration. 
In  a  case  recorded  by  Hoffman,*  a  woman,  aged  thirty,  drank 


*  LeJirbuch  der  Ger.  Medtcin,  •2te  Aufl. 
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35  to  40  <^rms.  of  chloroform  and  died  within  the  hour.  Almost 
the  whole  of  the  chloroform  taken  was  found  in  the  stomach,  as 
a  heavy  fluid,  coloured  green,  through  the  bile.  The  epithelium 
of  the  pharynx,  epiglottis,  and  gullet,  was  of  a  dirty  colour, 
partly  detached,  whitened,  softened,  and  easily  stripped  off.  The 
mucous  membrane  of  the  stomach  was  much  altered  in  colour 
and  consistence,  and,  with  the  duodenum,  was  covered  with  a 
tenacious  grey  slime.    There  was  no  ecchymosis. 

2.  The  Vapour  of  Chloroform. 

§  157.  Accidents  occur  far  more  frequently  in  the  use  of 
chloroform  vapour  for  anaesthetic  purposes  than  in  use  of  the 
liquid. 

Statistics. — Most  of  the  cases  of  death  through  chloroform- 
vapour,  are  those  caused  accidentally  in  surgical  and  medical 
practice.  A  smaller  number  are  suicidal,  while  for  criminal 
purposes,  its  use  is  extremely  infrequent. 

The  percentage  of  deaths  caused  by  chloroform  administered 
during  operations,  is  unaccountably  different  in  different  years, 
times,  and  places.  The  diversity  of  opinion  on  the  subject  is 
partly  (though  not  entirely)  explicable,  by  the  degrees  of  purity 
in  the  anaesthetic  administered,  the  different  modes  of  administra- 
tion, the  varying  lengths  of  time  of  the  anaesthesia,  and  the 
varying  severity  of  the  operations. 

During  the  Crimean  war,  according  to  Baudens  and  Quesnoy, 
30,000  operations  were  done  under  chloroform,  but  only  one 
death  occurred  attributable  to  the  anaesthetic.  Sansom*  puts 
the  average  mortality  at  -75  per  10,000,  l^Tussbaum  at  1-3, 
Richardson  at  2'8t  MorganJ  at  3 '4.  In  the  American  war  of 
secession,  in  11,000  operations,  there  were  seven  deaths — that 
is  6'3  per  10,000,  the  highest  number  on  a  large  scale  which 
appears  to  be  on  record. 

§  158.  Suicidal  and  Criminal  Poisoning  by  Chloroform. — 
Suicidal  poisoning  by  chloroform  will  generally  be  indicated  by 
the  surrounding  circumstances  ;  and  in  no  case  hitherto  reported 
has  there  been  ahy  difficulty  or  obscurity  as  to  whether  the 
narcosis  was  self-induced  or  not.  An  interesting  case  is  related 
by  Schauenstein,§  in  which  a  physician  resolved  to  commit 
suicide  by  chloroform,  a  commencing  amaurosis  having  preyed 

*  "  Chloroform  :  its  Action,  &c.,"  London,  1865. 
t  Med.  Times  and  Oazette,  1870. 
t  Med.  Soc.  of  Virginia,  1872. 
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upon  his  mind,  and  his  choice  having  been  determined  by 
witnessing  an  accidental  death  by  this  agent.  He  accordingly 
plugged  his  nostrils,  fitted  on  to  the  face  an  appropriate  mask, 
and  fastened  it  by  strips  of  adhesive  plaster.  In  such  an  instance, 
there  could  be  no  doubt  of  the  suicidal  intent,  and  the  question 
of  accident  would  be  entirely  out  of  the  question. 

A  dentist  in  Potsdam,*  in  a  state  of  great  mental  depression 
from  embarrassed  circumstances,  killed  his  wife,  himself,  and 
two  children  by  chloroform.  Such  crimes  are  fortunately  very 
rare. 

There  is  a  vulgar  idea  that  it  is  possible,  by  holding  a  cloth 
saturated  with  chloroform  to  the  mouth  of  a  sleeping  person 
(or  one,  indeed,  perfectly  awake),  to  produce  sudden  insensibility ; 
but  such  an  occurrence  is  against  all  experimental  and  clinical 
evidence.  It  is  true  that  a  nervous  person  might,  under  such 
circumstances,  faint  and  become  insensible  by  mere  nervous 
shock  ;  but  a  true  sudden  narcosis  is  impossible. 

Dolbeau  has  made  some  interesting  experiments  in  order  to 
ascertain  whether  under  any  circumstances  a  sleeping  person 
might  be  anaesthetised.  The  main  result  appears  to  answer  the 
question  in  the  affirmative,  at  least  with  certain  persons ;  but 
even  with  these,  it  can  only  be  done  by  using  the  greatest  skill 
and  care,  first  allowing  the  sleeper  to  breathe  very  dilute  chloro- 
form-vapour, and  then  gradually  exhibiting  stronger  doses,  and 
taking  the  cloth  or  inhaler  away  on  the  slightest  symptom  of 
approaching  wakefulness.  In  75  per  cent,  of  the  cases,  however,  the 
individuals  awoke  almost  immediately  on  being  exposed  to  the 
vapour.  This  cautious  and  scientific  narcosis,  then,  is  not  likely 
to  be  used  by  the  criminal  class,  or,  if  used,  to  be  successful. 

§  159.  Symptoms. — There  is  but  little  outward  diflerence 
between  man  and  animals,  in  regard  to  the  symptoms  caused  by 
breathing  chloroform ;  in  the  former  we  have  the  advantage  that 
the  sensations  preceding  narcosis  can  be  described  by  the 
individual. 

The  action  of  chloroform  is  usually  divided  into  three  more 
or  less  distinct  stages.  In  the  first  there  is  a  "drunken"  condition, 
changes  in  the  sense  of  smell  and  taste,  and  it  may  be  halluci- 
nations of  vision  and  hearing;  there  are  also  often  curious 
creeping  sensations  about  the  skin,  and  sometimes  excessive 
muscular  action,  causing  violent  struggles.  I  have  also  seen 
epileptiform  convulsions,  and  delirium  is  almost  always  present. 
The  face  during  this  stage  is  generally  flushed,  covered  with 
perspiration,  and  the  pupils  contracted.     The  first  stage  may 

*  Casper  :  Handbuch  der  Ger.  Med. 
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last  from  one  minute  to  several,  and  passes  into  the  second  stage, 
or  that  of  depression.  Spontaneous  movements  cease,  sensibility 
to  all  external  stimuli  vanishes,  the  patient  falls  into  a  deep 
sleep,  the  consciousness  is  entirely  lost,  and  reflex  movements 
are  more  and  more  annihilated.  The  temperature  is  less  than 
normal,  the  respirations  are  slow,  and  the  pulse  is  full  and  slow. 
The  pupils  in  this  stage  are  usually  dilated,  all  the  muscles  are 
relaxed,  and  the  limbs  can  be  bent  about  in  any  direction. 
If  now  the  inhalation  of  chloroform  is  intermitted,  the  patient 
wakes  within  a  period  which  is  usually  from  twenty  to  forty 
minutes,  but  may  be  several  hours,  after  the  last  inhalation. 

The  third  stage  is  that  of  paralysis;  the  pulse  becomes  irregular, 
the  respirations  superficial,  there  is  a  cyanotic  colouring  of  the 
lips  and  skin,  while  the  pupils  become  widely  dilated.  Death 
follows  quickly  through  paralysis  of  the  heart  or  respiratory 
centres. 

According  to  Sansom's  facts,*  in  100  cases  of  death  by 
chloroform,  44-6  per  cent,  occurred  before  the  full  narcosis  had 
been  attained,  that  is  in  the  first  stage,  34-7  during  the  second 
stage,  and  20-6  shortly  after.    So,  also,  Kappeler  has  recorded 
that  in  101  cases  of  death  from  chloroform,  47-7  per  cent, 
occurred  before  the  full  effect,  and  52-2  during  the  full  effect! 
This  confirms  the  dictum  of  Billroth,  that  in  all  stages  of 
anaesthesia  by  chloroform,  death  may  occur.    The  quantity  of 
chloroform,  which,  when  inhaled  in  a  given  time,  will  produce 
death,  is  unknown,  for  all  depends  upon  the  greater  or  less 
admixture  of  air,  and  probably  on  other  conditions.     It  has 
been  laid  down,  that  the  inhalation  of  chloroform  should  be  so 
managed  as  to  insure  that  the  air  breathed  shall  never  contain  more 
than  3-9  per  cent,  of  chloroform.  Fifteen  drops  have  caused  death, 
but  iaylor,  on  the  other  hand,  records  a  case  of  tetanus,  treated 
at  Guy  s  Hospital,  m  which  no  less  a  quantity  than  700  grms 
(^^•5  oz.)  was  inhaled  in  twenty-four  hours.    Frequent  breathing 
01  chloroform  m  no  way  renders  the  indi^ttdual  safe  from  fatal 
accident.  _    A  ladyf  having  repeatedly  taken  chloroform,  was 
anaesthetised  by  the  same  agent  merely  for  the  purpose  of 
iiavmg  a  tooth  extracted.     About  6  grms.  (1-5  drm )  were 
poured  on  a  cloth,  and  after  nine  to  ten  inspirations,  dangerous 
symptoms  began-rattling  breathing  and  convulsive  movements 
—and,  despite  all  remedies,  she  died. 

le.V.?r.^^^'''''''n'^^T^°™.P°^'°''^"^  unknown.  It 

leads  to  various  ailments,  and  seems  to  have  been  in  one  or  twa 
instances  the  cause  of  insanity.  *  ^® 

*  Op.  cil.  +  Edin.  Med.  Journ.,  1855. 
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Bucliner  records  the  case  of  an  opium-eater,  who  afterwards 
took  to  chloroform ;  he  suffered  from  periodic  mania.  In  a 
remarkable  case  related  by  Meric,  the  patient,  who  had  also 
first  been  a  morphine  eater,  took  350  grms.  of  chloroform  in 
five  days  by  inhalation;  as  often  as  he  woke  he  would  chloro- 
form himself  again  to  sleep.  In  this  case,  there  was  also 
mental  disturbance,  and  instances  in  which  chloroform  produced 
marked  mental  aberration  are  recorded  by  Bohm*  and  by 
Vigla.t 

§  161.  Post-Moo'tem  A2ypearances. — The  lesions  found  on  section 
are  neither  peculiar  to,  nor  characteristic  of,  chloroform  poisoning. 
It  has  been  noted  that  bubbles  of  gas  are,  from  time  to  time, 
to  be  observed  after  death  in  the  blood  of  those  poisoned  by 
chloroform,  but  it  is  doubtful  whether  the  bubbles  are  not 
merely  those  to  be  found  in  any  other  corpse — in  189  cases, 
only  eighteen  times  were  these  gas-bubbles  observed,  J  so  that, 
even  if  th6y  are  characteristic,  the  chances  in  a  given  case 
that  they  will  not  be  seen  are  greater  than  the  reverse.  The 
smell  of  chloroform  may  be  present,  but  has  been  noticed  very 
seldom. 

§  162.  The  Detection  and  Estimation  of  Chloroform  from  organic 
substances  is  not  difficult,  its  low  boiling  point  causing  it  to 
distil  readily.  Accordingly  (whatever  may  be  the  ultimate 
modifications,  as  suggested  by  different  experimenters)  the  first 
step  is  to  bring  the  substances,  unless  fluid,  into  a  pulp  with 
water,  and  submit  this  pulp  to  distillation  by  the  heat  of  a 
water-bath.  If  the  liquid  operated  upon  possesses  no  particular 
odour,  the  chloroform  may  in  this  way  be  recognised  in  the 
distillate,  which,  if  necessary,  may  be  redistilled  in  the  same 
manner,  so  as  to  concentrate  the  volatile  matters  in  a  small 
compass. 

There  are  four  chief  tests  for  the  identification  of  chloroform : — 
(1.)  The  final  distillate  is  tested  with  a  little  aniline,  and  an 
alcoholic  solution  of  soda  lye;  either  immediately,  or  upon  gently 
warming  the  liquid,  there  is  a  peculiar  and  penetrating  odour  of 
benzo-iso-nitrile  (OyHgN).  Chloral,  trichloracetic  acid,  bromoform 
and  idoform  also  give  the  same  reaction;  on  the  other  hand, 
ethylidene  chloride  does  not  yield  under  these  circumstances 
any  isonitile. 

(2.)  Chloroform  reduces  Fehling's  alkaline  copper  solution, 
when  applied  to  a  distillate,  thus  excluding  a  host  of  more 
fixed  bodies  which  have  the  same  reaction,  it  is  a  very  ex- 

*  Ziemssen's  Handhuclu    Bd.  15. 
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cellent  test,  and  may  be  made  quantitative.  The  reaction  is  as 
follows : — 

CHCI3  +  5KH0  +  2CuO  =  CU2O  +  K2CO3  +  3KC1  +  SHaO 

thus,  every  100  parts  of  cuprous  oxide  equals  88'56  of  chloro- 
form. 

(3.)  The  fluid  to  be  tested  (which,  if  acid,  should  be  neutralised), 
is  distilled  in  a  slow  current  of  hydrogen,  and  the  vapour 
conducted  through  a  short  bit  of  red-hot  combustion-tube  con- 
taining platinum  gauze.  Under  these  circumstances,  the  chlo- 
roform is  decomposed  and  hydrochloric  acid  formed ;  hence,  the 
issuing  vapour  has  an  acid  reaction  to  test  paper,  and  if  led 
into  a  solution  of  silver  nitrate,  gives  the  usual  precipitate  of 
argentic  chloride.  Every'  100  parts  of  silver  chloride  equal 
27"758  of  chloroform. 

(4.)  The  fluid  is  mixed  with  a  little  thymol  and  potash;  if 
chloroform  be  present,  a  reddish-violet  colour  is  developed, 
becoming  more  distinct  on  the  application  of  heat.* 

§  163.  For  the  quantitative  estimation  of  chloroform  the 
method  recommended  by  Schmiedebergf  is,  however,  the  best. 
A  combustion-tube  of  24  to  26  cm.  long,  and  10  to  12  mm.  in 
diameter,  open  at  both  ends,  and  made  of  glass  fusible  with 
difficulty,  is  furnished  at  the  one  end  with  a  plug  of  asbestos, 
while  the  middle  part,  to  within  5-6  cm.  of  the  other  end,  is 
fiUed  with  pieces  of  caustic  lime,  from  the  size  of  a  lentil  to  that 
of  half  a  pea.  The  lime  must  be  pure,  and  is  made  from  heatino- 
a  carbonate  which  has  been  precipitated  from  calcic  nitrate.  The 
other  end  of  the  tube  is  closed  by  a  cork,  carrying  a  silver  tube, 
16-18  cm.  long,  and  4  mm.  thick.  The  end  containing  the 
asbestos  plug  is  fitted  by  a  cork  to  a  glass  tube.  The  combus- 
tion-tube thus  prepared  is  placed  in  the  ordinary  combustion- 
lurnace ;  the  flask  containing  the  chloroform  is  adapted,  and  the 
distillation  slowly  proceeded  with.  It  is  best  to  add  a  tube 
bent  at  right  angles  and  going  to  the  bottom  of  the  flask,  to  draw 
air  continuously  through  the  apparatus.  During  the  whole 
process,  the  tube  containing  the  lime  is  kept  at  a  red  heat  The 
chloroform  is  decomposed,  and  the  chlorine  combines  with  the 
lime.  _  Ihe  resulting  calcic  chloride,  mixed  with  much  unchancred 
hme,  IS,  at  the  end  of  the  operation,  cooled,  dissolved  in  dilute 
mtric  acid,  and  precipitated  with  silver  nitrate.    Any  silver 

1882^'  Deutsch-Amerikan.  Apoth.-Zeitung,  vol.  iij.,  Aug.  15, 
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chloride  is  collected  and  weighed  and  calculated  into  chloro- 


VI.— OTHER  ANESTHETICS. 

§  164.  When  chlorine  acts  upon  marsh-gas,  the  hydrogen  can 
be  displaced  atom  by  atom  ;  and  from  the  original  methane  (OH^) 
can  be  successively  obtained  chloromethane  or  methyl  chloride 
(OH3CI),  dichloromethane,  or  methene  dichloride,  methylene 
dichloride,  (OHjOlg),  trichloromethane  or  chloroform,  (OHOI3), 
already  described,  and  carbon  tertrachloride  (OCl^).  All  these 
are,  more  or  less,  capable  of  producing  anaesthesia;  but 
none  of  them,  save  chloroform,  are  of  any  toxicological  import- 
ance. 

Methene  dichloride,  recommended  by  Dr.  W.  B.  Richardson 
as  an  an£esthetic,  has  come  somewhat  into  use.  It  is  a  colourless, 
very  volatile  liquid,  of  specific  gravity  1-360,  and  boiling  at  41°. 
It  burns  with  a  smoky  flame,  and  dissolves  iodine  with  a  brown 
colour. 

§  165.  Paraldehyde  {C^-^f)^)  is  a  colourless  fluid,  boiling  at 
124" ;  specific  gravity  -998  at  15°.  By  the  action  of  cold  it  may 
be  obtained  in  crystals,  the  melting  point  of  which  is  10-5°.  _  It 
is  soluble  in  eight  parts  of  water  at  13°;  in  warm  water  it  is 
less  soluble ;  hence,  on  warming  a  solution,  it  becomes  turbid. 
Paraldehyde  acts  very  similarly  to  chloral ;  it  causes  a  deep 
sleep,  and  (judging  by  experiments  on  animals)  produces  no 
convulsive  movements.  Possibly  it  is  less  dangerous  than 
chloral,  and  might  supplant  the  latter  as  a  remedy.  (See  a 
paper  in  the  Archiv  fur  Exper.  Pathol,  u.  Pharviakol,  Leips., 
1882). 

■»  S  Vidali  has  made  the  ingenious  suggestion  of  developing  hydrogen  in 
the  usual  way,  hy  means  of  zinc  and  sulphuric  acid,  in  the  iquid  supposed 
to  contain  chloroform,  to  ignite  tbe  hydrogen,  as  m  Marsh's  test  when  it 
issues  from  the  tube,  and  then  to  hold  in  the  flame  a  clean  copper  wire 
Since  any  chloroform  is  burnt  up  in  the  hydrogen  flame  to  hydrochlor  c 
acid,  the  chloride  of  copper  immediately  volatiUses  and  colours  the  flame 
green. 
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VII.— CHLORAL. 

§  166.  Chloral  Hydrate  (O2H3OI3O2)  is  made  by  mixing 
equivalent  quantities  of  anhydrous  chloral*  and  water.  The 
purest  chloral  is  in  the  form  of  small,  granular,  sugar-like 
crystals ;  when  less  pure,  the  crystals  are  larger.  These  melt 
into  a  clear  fluid  at  from  48°  to  49°,  and  the  melted  mass  solidifies 
again  at  a  little  below  50°.  Chloral  boils  at  97*5°;  it  is  not  very 
soluble  in  cold  chloroform,  requiring  four  times  its  weight.  The 
only  substance  with  which  chloral  hydrate  may  well  be  confused 
is  chloral  alcoholate  (04115,01302),  but  chloral  alcoholate  melts  at 
a  lower  temperature  (45°),  and  boils  at  a  higher  (113-5°);  it  is 
easily  soluble  in  cold  chloroform,  and  inflames  readily,  whereas 
chloral  scarcely  burns. 

Chloral  hydrate  completely  volatilises,  and  can  be  distilled  in 
a  vacuum  without  change.  If,  however,  boiled  in  air,  it 
undergoes  slow  decomposition,  the  first  portions  of  the  distillate 
being  overhydrated,  the  last  underhydrated ;  the  boiling  point, 
therefore,  undergoes  a  continuous  rise.  The  amount  of  hydration 
of  a  commercial  sample  is  of  practical  importance;  if  too  much 
water  is  present,  the  chloral  deliquesces,  especially  in  warm 
weather ;  if  too  little,  it  may  become  acid,  and  in  part  insoluble 
from  the  formation  of  meta-chloral  (O6H3OI9O3).  Chloral  hydrate, 
by  the  action  of  the  volatile  or  fixed  alkalies,  is  decomposed,  an 
alkaline  formiate  and  chloroform  resulting  thus — 

C2HCl30,H20  +  NaHO = KCH02  +  HgO  +  CHCls. 

Trichlor-acetic  acid  is  decomposed  in  a  similar  manner. 

It  is,  of  course,  obvious  that  after  splitting  up  chloral  into 
chloroform,  the  latter  can  be  detected  by  distillation  and  applyino- 
the  tests,  given  at  p.  138  and  seq.  Chloral  hydrate  is  soluble  iS 
one  and  a  half  times  its  weight  of  water ;  the  solution  should 
be  perfectly  neutral  to  litmus.  It  is  also  soluble  in  ether,  in 
alcohol,  and  m  carbon  disulphide.  There  should  be  no  cloudiness 
when  a  solution  is  tested  with  silver  nitrate  in  the  cold  •  if 
however,  to  a  boiling  solution  nitrate  of  silver  and  a  little 
ammonia  are  added,  there  is  a  mirror  of  reduced  silver 
J  °f  hydrate  in  solutions  is  best 

eflected  by  distillmg  the  solution  with  slaked  lime,  the  distillate 
IS  received  m  water  contained  in  a  graduated  tube  kept  at  a  low 

at*i8-t^onr..'t°''^  (C2HCI3O),  is  an  oily  liquid,  of  specific  gravity  1  -502 
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temperature.  The  chloroform  sinks  to  the  bottom  and  is  directly 
read  off;  the  number  of  cc.  multiplied  by  2-064  equals  the 
weight  of  the  chloral  hydrate  present. 

Another  method,  accurate  but  only  applicable  to  the  fairly 
pure  substance,  is  to'  dissolve  1  to  2  grms.  in  water,  remove  any 

free  acid  by  baric  carbonate,  and 
then  treat  the  liquid  thus  purified 
by  a  known  volume  of  standard 
soda.  The  soda  is  now  titrated 
back,  using  litmus  as  an  indicator, 
each  cc.  of  normal  alkali  neutralised 
by  the  sample  corresponds  to  1,655 
grms.  of  chloral  hydrate.  Small 
quantities  of  chloral  hydrate  may 
be  conveniently  recovered  from 
complex  liquids  by  shaking  them 
up  with  ether,  and  removing  the 
ethereal  layer,  in  the  tube  repre- 
sented in  fig.  10.  The  ether  must 
be  allowed  to  evaporate  spontane- 
ously;  but  there  is  in  this  way 
much  loss  of  chloral.  The  best 
method  of  estimating  minute  quan- 
tities is  to  alkalise  the  liquid,  and 
slowly  distil  the  vapour  through 
a  red-hot  combustion  tube  charged 
with  pure  lime,  as  in  the  process 
described  at  p.  139. 

§  168.  Effects  of  Chloral  Hydrate 
on    Animals.  —  Experiments  on 
animals  have  taught  us  all  that  is 
known  of  the  physiological  action 
of  chloral.     It  has  been  shown 
that    the    drug   influences  very 
considerably   the   circulation    at  first    exciting   ^^je  heart's 
action,  and  then  paralysing  the  automatic  ^^^^l^^.T^e  heart 
as  in  animals  poisoned  by  atropine,  stops  m  diastole,  and  the 
blood-pressure  sinks  in  proportion  to  the  progressive  paralysis 
*  The  figure  is  from  vol.  i.,  "Foods,';  p.  69,  the  description  m^^^ 

of  pressure-tubing,  and  is  connected  with  ^  ^"'f  ^^^f  ^^I^J^tus :  Fill  the 
moving  up  and  down  by  means  of  a  pulley  To  use  t'^^  ^PPJ^^j^  ^  and 
tube  with  mercury  by  opening  the  clamp  at  H,  and  the  stopcock  a  , 
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of  the  cardiac  centre.  At  the  same  time,  the  respiration  is 
slowed  and  finally  ceases,  while  the  heart  continues  to  beat. 
The  body  temperature  of  the  warm-blooded  animals  is  very 
remarkably  depressed,  according  to  Falck,  even  to  7-6°.  Vomit- 
ing has  been  rather  frequently  observed  with  dogs  and  cats, 
even  when  the  drug  has  been  taken  into  the  system  by  subcu- 
taneous injection. 

The  secretion  of  milk,  according  to  Rbhrig,  is  also  diminished. 
Reflex  actions  through  small  doses  are  intensified;  through 
large,  much  diminished.  -OSS-'OS  grm.  (-i--?  grain),  injected 
subcutaneously  into  frogs,  causes  a  slowing  of  the  respiration, 
a  diminution  of  reflex  excitability,  and  lastly,  its  complete 
cessation;  this  condition  lasts  several  hours;  at  length  the 
animal  returns  to  its  normal  state.  If  the  dose  is  raised  to 
•1  grm.  (1-5  grain)  after  the  cessation  of  reflex  movements,  the 
hea,rt  is  paralysed— and  a  paralysis  not  due  to  any  central 
action  of  the  vagus,  but  to  a  direct  action  on  the  cardiac 
ganglia.  Rabbits  of  the  ordinary  weight  of  2  kilos,  are  fully 
narcotised  by  the  subcutaneous  injection  of  1  grm. ;  the  sleep 
is  very  profound,  and  lasts  several  hours ;  the  animal  wakes  up 
spontaneously,  and  is  apparently  none  the  worse.  If  2  o-rms 
are  administered,  the  narcotic  eff'ects,  rapidly  developed^  are 
much  prolonged.  There  is  a  remarkable  diminution  of  tem- 
perature, and  the  animal  dies,  the  respiration  ceasing  without 
convulsion  or  other  sign.  Moderate-sized  dogs  require  6  grms. 
lor  a  full  narcosis,  and  the  symptoms  are  similar;  they  also 
wake  after  many  hours,  in  apparent  good  health.* 

§  169._  Liebreich  considered  that  the  action  of  chloral  was  due 
to  Its  being  broken  .up  by  the  alkali  of  the  blood,  and  the  system 

T-^^       mercury  if  allowed,  would  flow  out  of  the 
solvent  .Z' hi  1    ^-  ^%^We<i  mto  the  liquid  to  be  extracted  with  the 

Eld  the  lln  tl^  i«  made  to  follow. 

Mould  the  hquid  be  so  thick  that  it  is  not  possible  to  set  it  in  bv  means  of 

^orO-  V^^'l  1°^  i«  disconnected,  aid  the  mast 

worked  m  through  the  wide  end.    When  the  ether  has  been  sucked  ntrth^ 
apparatus,  it  is  emptied  of  mercury  by  lowering  the  reservoir  ^n^fl 
fir^y  clamped  at  H,  and  the  stopcLk^also  closed  S^^^^^^^^^ 

solvents  such  as  chloroform),  which  sink  to  thp  Wf ni  •  ^o^^^^eavy 
inth  a  fine  exit  tube  is  preferable    but  for  ^^trnlf  ^  '™P'e  ^^''ette 

&c..  the  apparatus  figurSte^^^^^^^^^^^  ether,  ordinary  ether, 

(^O^nSyn^aSS^^S^^^^^ 
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being  thus  brought  into  a  state  precisely  similar  to  its  condition 
when  antesthetised  by  chloroform-vapour.  This  view  has,  how- 
ever, been  proved  to  be  erroneous.  Chloral  hydrate  can,  it  is 
true,  be  decomposed  in  some  degree  by  the  blood  at  40° ;  but  the 
action  must  be  prolonged  for  several  hours.  A  1  per  cent, 
solution  of  alkali  does  not  decompose  chloral  at  a  blood-heat 
in  the  time  Avithin  which  chloral  acts  in  the  body ;  and  since 
narcotic  ejffects  are  commonly  observed  when,  in  the  fatty  group, 
hydrogen  has  been  displaced  by  chlorine,  it  is  more  probable 
that  chloral  hydrate  is  absorbed  and  circulates  in  the  blood  as 
such,  and  is  not  broken  up  into  chloroform  and  an  alkaline 
formiate. 

§  170.  Effects  of  GUoral  Bydrate  on  Since  _  the  year 

1869,  in  which  chloral  was  first  introduced  to  medicine,  it  has 
been  the  cause  of  a  number  of  accidental  and  other  cases  of 
poisoning.  I  find,  up  to  the  present  time,  recorded  in  medical 
literature,  thirty-one  cases  of  poisoning  by  chloral  hydrate. 
This  number  is  a  small  proportion  only  of  the  actual  number 
dying  from  this  cause.  In  nearly  all  the  cases,  the  poison  was 
taken  by  the  mouth,  but  in  one  instance  the  patient  died  in 
three  hours,  after  having  injected  into  the  rectum  5 '86  grms. 
of  chloral  hydrate.  There  is  also  on  record  a  case  in  which,  for 
the  purpose  of  producing  surgical  anesthesia,  6  grms.  of  chloral 
were  injected  into  the  veins ;  the  man  died  in  as  many  minutes. 

§  171.  Fatal  Dose.— It  is  impossible  to  state  with  any  exact- 
ness the  precise  quantity  of  chloral  which  may  cause  death. 
Children  bear  it  better,  in  proportion,  than  adults,  while  old 
persons,  (especially  those  with  weak  hearts,  and  those  inclined 
to  apoplexy)  are  likely  to  be  strongly  afi-ected  by  very  small 
doses.  A  dose  of  -19  grm.  (3  grains)  has  been  fatal  to  a  child 
a  year  old  in  ten  hours.  On  the  other  hand,  according  to 
Bouchut's  observations  on  10,000  children,  he  considers  that 

*  This  danserous  practice  was  introduced  by  M.  Ore.  In  a  case  of 
traumatic  tetfnus,  in^  which  M.  Ore  injected  f  f  ?  ^/^^  °5 
chloral  in  10  srms.  of  water,  there  was  profound  insensibility  lasting 
Seven  h^urs  during  which  time  a  painful  operation  on  the  thumb  was 
performer  T^e  next  day  10  grms.  -re  injected  when  the  u^^^^^^^^^^ 
ln«fP(^  pio-ht  hours  •  and  9  arms,  were  injected  on  each  ot  the  two  loiiowiUo 
day  tl  man  recovered^  In  another''case  Ore  an^Bth^et^ed  immec^^^^^^^^ 
a  Jatient  by  plunging  the  subcutaneous  needle  of  1^.  "^^^ 
^7P^n  and  iniected  10  arms,  of  chloral  hydrate  with  30  ot  water,  iue 
SSenrLX  iL^^^^^^^^  before  the  whole  quantity  was  f^^^^^^^ 
??ne  immoUlU6  rappellant  celle  du  cadarre^  On  fi^f^f„^°S  ^^^^^P^S 
fu«  p^  ^^.^nJZA^r^^' 
Journ.  de  Pharm.  et  de  Chimie.,  t.  19,  p.  314. 
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the  full  therapeutic  effect  of  chloral  can  be  obtained  safely  with 
them  in  the  following  ratio  : — 

Children  of  1  to  3  years,  dose    1  to  1-5  grm.     (15-4  to  23  •!  grain  ) 
3  „  5  2  „  3      „       (30-8  „  46-3    „  ') 

"      .  ?  "  7        „  3  „  4      „      (46-3  „  61-7    „  ) 

These  quantities  being  dissolved  in  100  cc.  of  water. 

These  closes  are  certainly  too  high,  and  it  would  be  dangerous 
to  take  them  as  a  guide,  since  death  has  occurred  in  a  child, 
aged  five,  from  a  dose  of  3  grm.  (46-3  grains).    Medical  men  in 
England  consider  20  grains  a  very  full  dose  for  a  child  of  four 
years  old,  and  50  for  an  adult,  while  a  case  is  recorded  in  which 
a  dose  of  1-9  grm.  (30  grains)  proved  fatal  in  thirty-five  hours 
to  a  young  lady  aged  twenty.    On  the  other  hand,  we  find  a 
case*  m  which,  to  a  patient  suffering  from  epileptic  mania,  a 
dose  of  31 -1  grms.  (1  oz.)  of  chloral  hydrate  was  administered  • 
she  sank  into  a  deep  sleep   in  five  minutes.  Subcutaneous 
injections  of  strychnine  were  applied,  and  after  sleepino-  for 
iorty-eight  hours,  there  was  recovery.    On  the  third  day  a 
vivid  scarlatinal  rash  appeared,  followed  by  desquamation.  The 
examples  quoted-the  fatal  dose  of  1-9  grm.,  and  recovery  from 
31  grms.— are  the  two  extremes  for  adults.    From  other  cases 
It  appears  tolerably  plain   that   most  people  would  recover' 
especially  with  appropriate  treatment,  from  a  single  dose  under 
8  grms    but  anything  above  that  quantity  taken  at  one  time 
would  be  very  dangerous,  and  doses  of  10  grms.  and  above 
almost  always  fatal.    If,  however,  8  grms.  were  takenTn  divided 
doses  during  the  twenty-four  hours,  it  could  (according  to  Dr 
Eichardson)  be  c  one  with  safety.    The  time  from  the  takino^f 

deZTtL'jSs^*'  ^«  -  ^epe^ 

Til  I    !     i       '    ^'  ^"^^  ^'^^  g™-  respectively,  lived  from 
eight  to  ten  hours ;  two  taking  4  and  5  arms  re^riU^^^Z  T ^ 
very  shortly  after  the  administration  of  t\e  hbX  Jnl^^^^^^^^^^^ 
case,  related  by  Brown,  in  which  3-12  grms  had  been  tnlr^rf 
patient  lived  an  hour;  and  in  another^  Xr  a  dose  of  5  o ' 
recorded  by  Jolly,  death  took  place  within  rq^^  of  an  S" 

§  172.  Si/mpionis.~With  moderate  doses  there  are  nvf.f  •  n 
no  symptoms,  save  a  drowsiness  coming  on  imperceSl  v  J 

andif  the  person  choosL  to  waffit  :ngaget  a^ytc^^i 
*  CJdcago  Medical  Hmew,  1882. 
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tion,  he  can  ward  off  sleep ;  but  with  those  doses  which  lead  to 
danger,  the  narcosis  is  completely  uncontrollable,  the  appearance 
of  the  sleeper  is  often  strikingly  like  that  of  a  drunken  person. 
.  There  is  great  diminution  of  temperature  commencing  in  from 
five  to  twenty  minutes  after  taking  the  dose — occasionally  sleep 
is  preceded  by  a  delirious  state.  During  the  deep  slumber  the 
face  is  much  flushed,  and  in  a  few  cases  the  sleep  passes  directly 
into  death  without  any  marked  change.  In  others,  symptoms 
of  collapse  appear,  and  the  patient  sinks  through  exhaustion. 

§  173.  With  some  persons  doses,  which,  in  themselves,  are 
insufficient  to  cause  death,  yet  have  a  peculiar  effect  on  the 
mental  faculties.  A  case  of  great  medico-legal  interest  is 
described  by  the  patient  himself,  Dr.  Manjot.*  He  took  in 
three  doses,  hourly,  12  grms.  of  chloral  hydrate.  After  the  first 
dose  the  pain,  for  which  he  had  recourse  to  chloral,  vanished ; 
but,  Manjot,  although  he  had  all  the  appearance  of  being  per- 
fectly conscious,  yet  had  not  the  slightest  knowledge  of  what 
he  was  doing  or  speaking.  He  took  the  other  two  doses,  and 
sank  into  a  deep  sleep  which  lasted  twelve  hours.  He  then 
awoke  and  answered  questions  with  difficulty,  but  could  not 
move ;  he  lay  for  the  next  twelve  hours  in  a  half-slumber,  and 
■  the  following  night  slept  soundly— to  wake  up  recovered. 

§  174.  The  treatment  of  acute  chloral  poisoning  which  has 
been  most  successful  is  that  by  strychnine  injections,  and  the 
application  of  warmth  to  counteract  the  loss  of  temperature 
which  is  so  constant  a  phenomenon.  As  an  illustration  of  the 
treatment  by  strychnine,  an  interesting  case  recorded  by 
Levinstein!  may  be  quoted. 

A  man  thirty-five  years  old,  took  at  one  dose,  for  the  purpose 
of  suicide,  24  grms.  of  chloral  hydrate.  In  half  an  hour  after- 
wards he  was  found  in  a  deep  sleep,  with  fiushed  face,  swollen 
veins,  and  a  pulse  160  in  the  minute.  After  a  further  half-hour, 
the  congestion  of  the  head  was  still  more  striking ;  the  tempera- 
•  ture  was  39-5° ;  the  pulse  hard  and  bounding  92  ;  the  breathing 
laboured,  at  times  intermittent.  ■,  ,    ,  •       •+„  „f 

Artificial  respiration  was  at  once  commenced,  but  m  spite  ot 
this,  in  about  another  half-hour,  the  face  became  deadly  pale 
the  temperature  sank  to  32-9°.  The  pupils  contracted  and  the 
pulse  was  scarcely  to  be  felt ;  3  mgrms.  -04  gram)  of  f  ry^W^ 
lore  now  injected  subcutaneously ,  this  caused  tetanic  con^ 
vulsions  in  the  upper  part  of  the  body  and  trismus.  The  heart  s 
Icton  again  bec^^e  Lmewhat  stronger,  the  te  jerat-e  rose 
to  33-3°;  and  the  pupils  dilated;  but  soon  followed,  again, 
*  Gas.  des-ffop.,  1875. 

t  Vierteljahrsschr.  f.  Ger.  Med.,  Bd.  xx.,  18/4. 
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depression  of  the  heart's  action,  and  the  respiration  could  only 
be  kept  going  by  faradisation.  Two  mgrms.  (-03  grain)  of 
strychnine  were  once  more  injected,  and  the  heart's  action 
improved.  During  the  succeeding  six  hours  the  respiration  had 
to  be  assisted  by  faradisation.  The  temperature  gradually  rose 
to  36  •5°,-  ten  hours  after  taking  the  dose  the  patient  lay  in  a 
deep  sleep,  breathing  spontaneously  and  reacting  to  external 
stimuli  with  a  temperature  of  38-6''.  Eighteen  hours  from  the 
commencement,  the  respiration  again  became  irregular  and  the 
galvanic  current  was  anew  applied.  The  last  application  aroused 
the  sleeper,  he  took  some  milk  and  again  slept;  after  twenty-seven 
hours  he  could  be  awakened  by  calling,  &c.,  but  had  not  full 
consciousness ;  he  again  took  some  milk  and  sank  to  sleep.  It 
was  not  until  thirty-two  hours  had  elapsed  from  the  ingestion 
of  the  poison  that  he  awoke  spontaneously ;  there  were  no  after 
effects. 

§  176.  Chronic  Poisoning  hy  Chloral  Hydrate— K-a.  enormous 
number  of  people  take  habitually  chloral  hydrate.  The  history 
of  the  habit  is  usually  that  some  physician  has  given  them  a 
chloral  prescription  for  neuralgia,  for  loss  of  sleep,  or  other 
cause,  and  finding  that  they  can  conjure  sleep,  oblivion  and  loss 
(it  may  be)  of  suffering  whenever  they  choose,  they  go  on- 
repeating  it  from  day  to  day  until  it  becomes  a  necessity  of  their 
existence.  A  dangerous  facility  to  chloral-drinking  is  the 
existence  of  patent  medicines,  advertised  as  sleep-producers,  and 
containmg_  chloral  as  the  active  ingredient.  A  lady  aged  thirty- 
five  died  m  1876,  at  Exeter,  from  an  overdose  of  "  Hunter's 
solution  of  chloral,  or  sedative  draught  and  sleep  producer  "  Its 

(b6pfr  clnt  )**^*''^  *°  *°  "^^^"^^ 

The  evil  results  of  this  chloral  drinking  are  especially  to  be 
IopI/rS  the  mental  faculties,  and  the  alienists  have  had 
s_ince  1869  a  new  insanity-producing  factor.    In  a  visit  made  a 

cases  iy'^'^'^f       l^^di^g  ^syl^^s,  I  found  several 

cases  of  me  ancholia  and  mama  referred  rightly  (or  wrono-ly)  ta 
chloral-drmking.  Symptoms  other  than  those  of  the  Hire' 
chi  Imess  of  the  body,  inclination  to  fainting,  clonic  convulsions 
and  a  want  of  co-ordination  of  the  muscles  of  the  lower  extremS' 
In  a  case  recorded  by  Husband,t  a  lady,  after  twelve  Cs  treat' 
ment  by  chloral  hydrate,  in  doses  of  from  1  to  2  grms  a  5  fto  SO  « 
grains),  suffered  from  a  scarlatina-like  rash,  wS  ias  fol Wd 
by  desquamation  (see  also  ante,  p.  145).    Among  tie  insan^^? 

*  Exeter  and  Plymouth  Gazette,  Jan  12  187fi 
t  Lancet,  1871.  ' 
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has  also  been  noticed  that  its  use  has  been  followed  by  nettle- 
rash  and  petechiae  (Reimer  and  others). 

§  176.  The  exact  manner  in  which  chloral  leaves  the  body  is 
not  sufficiently  worked  out ;  a  small  part  is  excreted  undecom- 
posed,  and,  according  to  Musculus  and  Mering,*  a,  part  is 
excreted  in  the  form  of  uro-chloral  acid.  This  acid  occurs 
in  colourless  groups  of  needles  similar  to  tyrosin.  They  are 
soluble  in  alcohol,  in  ether-alcohol,  and  in  water,  but  insoluble 
in  ether.  They  turn  a  ray  of  polarised  light  to  the  left,  reduce 
silver  solutions  on  boiling,  and  colour  yellow  an  indigo  solution 
alkalised  by  soda.  They  do  not  respond  to  the  aniline  and  soda 
test  (p  138.). 

§  177.  Separation  of  Chloral  from  Organic  Matters. — It  will  be 
most  convenient  to  place  the  organic  fluid  or  pulped-up  solid, 
mixed  with  water,  in  a  retort,  to   acidify  with  tartaric  or 
phosphoric  acid,  and  to  distil ;  in  this  way,  the  expert  will  not 
confuse  chloral  with  chloroform,  for  any  chloroform  will  pass 
over,  and  can  be  identified  by  the  tests  given  at  p.  138-9,  and  the 
chloral  hydrate,  if  present,  will  remain  undecomposed.    On  now 
making  the  contents  of  the  retort  strongly  alkaline,  the  chloral 
is  decomposed,  and  any  chloroform  derived  from  it  will  distil. 
If  traces  only  are  likely  to  be  present  (as  in  operating  on  the 
blood  or  urine),  then  the  distillate  should  not  be  condensed,  but 
dealt  with  as  recommended  at  p.  139,  §  163.    I  have  nothing 
of  value  to  add  with  regard  to  the  tests  already  enumerated, 
j^save   that   Dr.  Frank   Ogston  J   has   recommended  sulphide 
'of  ammonium   to   be   added   to   any  liquid   as   a  test  for 
chloral     The  contents  of  the  stomach  are  filtered  or  submitted 
to  dialysis,  and  the  test  applied  direct.    If  chloral  is  present 
there  is  first  an  orange-yellow  colour;  on  standing,  the  fluid 
becomes  more  and  more  brown,  then  troubled,  an  amorphous 
precipitate  falls  to  the  bottom,  and  a  peculiar  odour  is  developed 
With  10  mgrms.  of  chloral  in  1  cc.  of  water,  there  is  an  evident 
precipitate,  and  the  odour  can  readily  be  perceived;  with  1 
mcrrm.  dissolved  in  1  cc.  of  water,  there  is  an  orange-yellow 
colour,  and  also  the  odour,  but  no  precipitate;  with  -1  mgrm. 
in  1  cc.  of  water,  there  is  a  weak,  pale,  straw-yellow  colour, 
which  can  scarcely  be  called  characteristic.    The  only  substance 
oiving  in  neutral  solutions  the  same  reactions  is  antimony;  but, 
Sn  the  addition  of  a  few  drops  of  acid,  the  antimony  falls  as  an 
ojange-yellow  precipitate,  while,  if  chloral  alone  is  present,  there 
is  a  light  white  precipitate  of  sulphur. 

*  Ber.  d.  Cliem.  Oes.,  8  Band.  „ 

t  Vierteljahrssc/n-ifif.  Gerichtl.  Medicin,  1879,  Bd.  xxx.,  Hft.  1,  S.  268. 


§  178-181.]  BISULPHIDE  OF  CARBON.  149 


VIII.— BISULPHIDE  OF  CARBON". 

§  178.  Bisulphide  of  carbon — carhon  disulphide,  carbon  sulphide 
(OS2) — is  a  colourless,  volatile  fluid,  strongly  refracting  light. 
Commercial  samples  have  a  most  repulsive  and  penetrating 
odour,  but  chemically-pure  carbon  sulphide  has  a  smell  which 
is  not  disagreeable.  The  boiling  point  is  47° ;  the  specific 
gravity  at  0-°  is  1-293.  It  is  very  inflammable,  burning  with  a 
blue  flame,  and  evolving  sulphur  dioxide ;  is  little  soluble  in 
water,  but  mixes  easily  with  alcohol  or  ether.  Bisulphide  of 
carbon,  on  account  of  its  solvent  powers  for  sulphur,  phosphorus 
oils,  resins,  caoutchouc,  gutta-percha,  &c.,  is  in  great  request  in 
certain  industries.  It  is  also  utilised  for  disinfecting  purposes, 
the  liquid  being  burnt  in  a  lamp. 

§  179.  Poisoning  hy  Carbon  Bisulphide. — In  spite  of  the  cheap- 
ness and  numerous  applications  of  this  liquid,  poisoning  is  very 
rare.  There  appears  to  be  a  case  on  record  of  attempted 
self-destruction  by  this  agent,  in  which  a  man  took  2  ounces 
(56-7  cc.)  of-  the  liquid,  but  without  a  fatal  result.  The  symp- 
toms in  this  case  were  pallor  of  the  face,  wide  pupils,  frequent 
and  weak  pulse,  lessened  bodily  temperature,  and  spasmodic 
convulsions.  Carbon  disulphide  was  detected  in  the  breath  by 
leading  the  expired  air  through  an  alcoholic  solution  of  tri-ethyl- 
phosphin,  with  which  it  struck  a  red  colour.  It  could  also  be 
found  in  the  urine  in  the  same  way.  An  intense  burning  in 
the  throat,  giddiness,  and  headache  lasted  for  several  days. 
Experiments  on  animals  have  been  frequent,  and  it  is  found  to 
be  fatal  to  all  forms  of  animal  life.  There  is,  indeed,  no  more 
convenient  agent  for  the  destruction  of  various  noxious  insects, 
such  as  moths,  the  weevils  in  biscuits,  the  common  bug,  &c., 
than  bisulphide  of  carbon.  It  has  also  been  recommended  for 
use  in  exterminating  mice  and  rats.* 

§  180.  Difierent  animals  show  varying  degrees  of  sensitive- 
ness to  the  vapour  ;  frogs  and  cats  being  less  affected  by  it  than 
birds,  rabbits,  and  guinea-pigs.  The  action  on  animals  seems  to 
have  great  similarity  to  that  of  chloroform.  There  is  complete 
ansesthesia  of  the  whole  body,  and  death  occurs  through  paralysis 
of  the  respiratory  centre,  but  artificial  respiration  fails  to  restore 
life. 

§  181.  Chronic  Poisonim/.— Of  some  importance  is  the  chronic 
poisoning  by  carbon  disulphide,  occasionally  met  with  in  manu- 


*  Clocz,  Compt.  Rend.,  G3  Ed,"  85. 
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factures  necessitating  the  daily  use  of  large  quantities  for  dis- 
solving caoutchouc,  &c.  When  taken  thus  in  the  form  of  vapour 
daily  for  some  time,  it  gives  rise  to  a  complex  series  of  symp- 
toms which  may  be  divided  into  two  principal  stages — ^viz.,  a 
stage  of  excitement,  and  one  of  depression.  In  the  first  phase, 
there  is  a  more  or  less  permanent  headache,  with  considerable 
indigestion,  and  its  attendant  loss  of  appetite,  nausea,  &c.  The 
sensitiveness  of  the  skin  is  also  heightened,  and  there  are 
curious  sensations  of  creeping,  &c.  The  mind  at  the  same  time 
in  some  degree  suffers,  the  temper  becomes  irritable,  and  singing 
in  the  ears  and  noises  in  the  head  have  been  noticed.  In  one 
factory  a  workman  suffered  from  an  acute  mania,  which  sub- 
sided in  two  days  upon  removing  him  from  the  noxious  vapour 
(Eulenberg).  The  sleep  is  disturbed  by  dreams,  and,  according 
to  Delpech,*  there  is  considerable  sexual  excitement,  but  this 
statement  has  been  in  no  way  confirmed.  Pains  in  the  limbs 
are  a  constant  phenomenon,  and  the  French  observers  have 
noticed  spasmodic  contractions  of  certain  groups  of  muscles. 

The  stage  of  depression  begins  with  a  more  or  less  pronounced 
anaesthesia  of  the  skin.  This  is  not  confined  to  the  outer  skin, 
but  also  affects  the  mucous  membranes ;  patients  complain  that 
they  feel  as  if  the  tongue  were  covered  with  a  cloth.  The  an- 
aesthesia is  very  general.  In  a  case  recorded  by  Bernhardt,  f 
a  girl,  twenty-two  years  old,  who  had  worked  six  weeks  in  a 
caoutchouc  factory,  suffered  from  mental  weakness  and  digestive 
troubles ;  there  was  anaesthesia  and  algesis  of  the  whole  skin. 
In  these  advanced  cases  the  mental  debility  is  very  pronounced, 
and  there  is  also  weakness  of  the  muscular  system.  Paralysis 
of  the  lower  limbs  has  been  noted,  and  in  one  instance  a  man 
had  his  right  hand  paralysed  for  two  months.  It  seems  uncer- 
tain how  long  a  person  is  likely  to  suffer  from  the  effects  of  the 
vapour  after  he  is  removed  from  its  influence.  If  the  first  stage 
of  poisoning  only  is  experienced,  then  recovery  is  generally 
rapid ;  but  if  mental  and  muscular  weakness  and  anaesthesia  of 
the  skin  have  been  developed,  a  year  has  been  known  to  elapse 
without  any  considerable  improvement,  and  permanent  injury 
to  the  health  may  be  feared. 

§  182.  Post-mortem  Appearances. — The  pathological  appearances 
found  after  sudden  death  from  disulphide  of  carbon  are  but  little 
different  to  those  found  after  fatal  chloroform  breathing. 

§  183.  Detection  and  Separation  of  Carbon  Bisulphide.— 
extreme  volatility  of  the  liquid  renders  it  easy  to  separate  it 

*  Mimoire  sur  les  Accidents  qve  developpe  chez  les  ouwieres  en  caoutchouc 
du  sidfure  de  carb.  en  vapeur.    Paris,  1S65. 

•t-  Ber.  Klin..  Wochenschrift,  No.  32,  1866. 
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from  organic  liquids  by  distillation.  If  it  is  necessary  to  make  a 
quantitative  estimation,  then  the  organic  or  other  liquid  must  be 
distilled  with  all  the  precautions  described  at  page  129  when 
speaking  of  ether.  Carbon  disulphide  is  identified  (1.)  by  its 
odour ;  (2.)  by  its  boiling  point ;  (3.)  by  its  action  on  an  alcoholic 
solution  of  potash,  potassic  xanthogenate  (OSaOgHgOK)  being 
formed,  which  gives  a  yellow  precipitate  with  cupric  sulphate  ; 
(4.)  heated  with  lead  nitrate  and  potash,  a  black  precipitate  of 
lead  sulphide  is  obtained. 

§  184.  XantJiogenic  acid  or  ethyloxide-suljjJiocarbonate  (CS2C2H5OH)  is 
prepared  by  decomposing  potassic  xanthogenate  by  diluted  hydrochloric  or 
sulphuric  acid.  It  is  a  colourless  fluid,  having  an  unpleasant  odour,  and  a 
weakly  acid  and  rather  bitter  taste.  It  burns  with  a  blue  colour,  and  is 
easily  decomposed  at  24°,  splitting  up  into  ethylic  alcohol  and  hydric  sul- 
phide. It  is  very  poisonous,  and  has  an  anaesthetic  action  similar  to 
bisulphide  of  carbon. 

§  185.  Potassic  xanthogenate  (CS2C2H5OK)  and  potassic  xantliamylaie 
{CS2C6H11OK)  (the  latter  being  prepared  by  the  substitution  of  amyl 
alcohol  for  ethyl  alcohol)  both  on  the  application  of  a  heat  below  that 
of  the  body,  develop  CS2,  and  are  poisonous,  inducing  symptoms  very 
similar  to  those  already  detailed. 


IX.  CAEBOLIO  ACID. 

§  186.  Carbolic  Acid.  Syn.  Phenol,  Phenyl  Alcohol,  Phenylic 
Hydrate;  Phenic  Acid;  Coal  Tar  Creasote. — The  formula  for 
carbolic  acid  is  CgHgHO.  The  pure  substance  appears  at  the 
ordinary  temperature  as  a  colourless  solid,  crystallising  in  long- 
prisms;  the  fusibility  of  the  crystals  is  given  variously  by 
different  authors :  from  my  own  observation,  I  believe  the  pure 
crystals  to  melt  about  42°,  any  lower  melting-point  being  due 
to  the  presence  of  cresylic  acid  or  other  impurity;  the  crystals 
again  become  solid  about  15°.  Melted  carbolic  acid  forms  a 
colourless  limpid  fluid,  sinking  in  water.  It  boils  under  the 
ordinary  pressure  at  182°,  and  distils  without  decomposition; 
it  is  very  readily  and  completely  distilled  in  a  vacuum  at  about 
the  temperature  of  100°.  After  the  crystals  have  been  exposed 
to  the  air,  they  absorb  water,  and  a  hydrate  is  formed  containing 
16-07  per  cent,  of  water.  The  hydrate  melts  at  17°,  any  greater 
hydration  prevents  the  crystallisation  of  the  acid;  a  carbolic 
acid,  containing  about  27  per  cent,  of  water,  and  probably  corres- 
ponding to  the  formula  CoH60,2HoO,  is  obtained  by  gradually 
adding  water  to  carbolic  acid  so  long  as  it  continues  to  be 
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dissolved.  Such  a  hydrate  dissolves  in  IM  times  its  measure  of 
water,  and  contains  8-56  per  cent,  of  real  carbolic  acid.  Carbolic 
acid  does  not  redden  litmus,  but  produces  a  greasy  stain  on 
paper,  disappearing  on  exposure  to  the  air;  it  has  a  peculiar 
smell,  a  burning  numbing  taste,  and  in  the  fluid  state  it  strongly 
refracts  light.  Heated  to  a  high  temperature  it  takes  fire,  and 
burns  with  a  sooty  flame. 

When  an  aqueous  solution  of  carbolic  acid  is  shaken  up  with 
ether,  benzene,  carbon  disulphide,  or  chloroform,  it  is  fully 
dissolved  by  the  solvent,  and  is  thus  easily  separated  from  most 
solutions  in  which  it  exists  in  the  free  state.  Petroleum  ether, 
on  the  other  hand,  only  slightly  dissolves  it  in  the  cold,  more 
on  warming.  Carbolic  acid  mixes  in  all  proportions  with 
glycerine,  glacial  or  acetic  acid,  and  alcohol.  It  coagulates 
albumen,  the  precipitate  being  soluble  in  an  excess  of  albumen ; 
it  also  dissolves  iodine,  without  changing  its  properties.  It 
dissolves  many  resins,  and  also  sulphur,  but,  on  boiling,  sul- 
phuretted hydrogen  is  disengaged.  Indigo  blue  is  soluble  in 
hot  carbolic  acid,  and  may  be  obtained  in  crystals  on  cooling. 
Carbolic  acid  is  contained  in  castoreum,  a  secretion  derived 
from  the  beaver,  but  it  has  not  yet  been  detected  in  the 
vegetable  kingdom.  The  source  of  carbolic  acid  is  at  present 
coal-tar,  from  which  it  is  obtained  by  a  process  of  distillation. 
There  are,  however,  a  variety  of  chemical  actions  in  the  course 
of  which  carbolic  acid  is  formed. 

§  187.  The  common  disinfecting  carbolic  acid  is  a  dark 
reddish  liquid,  with  a  very  strong  odour,  containing  carbolic 
acid,  cresylic  acid,  and  other  phenols.  It  is  oflicinal  in  Germany, 
and  there  must  contain  at  least  50  per  cent,  of  the  pure  carbolic 
acid.  The  pure  crystallised  acid  is  oflicinal  in  our  own  and  all 
the  continental  pharmacopoeias.  In  the  British  Pharmacopoeia, 
a  solution  of  carbolic  acid  in  glycerine  is  officinal ;  the  proportions 
are  one  part  of  carbolic  acid  and  four  parts  of  glycerine,  that  is, 
strength  20  per  cent.  The  Pharmacopoeia  Germanica  has  a 
liquor  natri  carbolici,  made  with  five  parts  carbolic  acid,  one 
caustic  soda,  and  four  of  water ;  strength  in  carbolic  acid  =  50 
per  cent.  There  is  also  a  strongly  alkaline  crude  sodic  carbolate 
in  use  as  a  preservative  of  wood. 

There  are  various  disinfecting  fluids  containing  various 
amounts  of  carbolic  acid,  from  10  per  cent,  upwards.  Many 
of  these  are  somewhat  complex  mixtures,  but,  as  a  rule,  any 
poisonous  properties  they  possess  are  mainly  due  to  their  con- 
tent of  carbolic  acid.  A  great  variety  of  disinfecting  powders, 
under  various  names,  are  also  in  commerce,  deriving  their 
activity  from  carbolic  acid.    Macdougall's  disinfecting  powder 
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is  made  by  adding  a  certain  proportion  of  impure  carbolic  acid 
to  a  calcic  sulphite,  which  is  prepared  by  passing  sulphur 
dioxide  over  ignited  limestone. 

Calvert's  carbolic  acid  powder  is  made  by  adding  carbolic  acid 
to  the  siliceous  residue  obtained  from  the  manufacture  of 
aluminic  sulphate  from  shale.  There  are  also  various  carbolates 
which,  by  heating  or  decomposing  with  sulphuric  acid,  give  off 
carbolic  acid. 

Carbolic  acid  soaps  are  also  made  on  a  large  scale — the  acid  is 
free,  and  some  of  the  soaps  contain  as  much  as  ten  per  cent. 
In  the  inferior  carbolic  acid  soaps  there  is  little  or  no  carbolic 
acid,  but  cresylic  takes  its  place.  ISTeither  the  soaps  nor  the 
powders  have  hitherto  attained  any  toxicological  importance, 
but  the  alkaline  carbolates  are  very  poisonous. 

§  188.  The  chief  uses  of  carbolic  acid  are  indicated  by  the 
foregoing  enumeration  of  the  principal  preparations  used  in 
medicine  and  commerce.  The  bulk  of  the  carbolic  acid  manu- 
factured is  for  the  purposes  of  disinfection.  It  is  also  utilised 
m  the  preparation  of  certain  colouring  matters  or  dyes,  and 
during  the  last  few  years  has  had  another  application  in  the 
manufacture  of  salicylic  acid.  In  medicine  it  is  administered 
occasionally  internally,  while  the  antiseptic  movement  in  surgery, 
imtiated  by  Lister,  has  given  it  great  prominence  in  surgical 
operations. 

J  189.  Statistics.—Carholic  acid  is,  of  all  powerful  poisons, 
the  most  accessible,  and  the  most  recklessly  distributed  We 
tnd  It  at  the  bedside  of  the  sick,  in  back-kitchens,  in  stables, 
in  public  and  private  closets  and  urinals,  and,  indeed,  in  almost 
all  places  where  there  are  likely  to  be  foul  odours  or  decomposing 
matters.  It  is,  therefore,  no  wonder  that  poisoning  by  carboHc 
acicl  has,  ot  late  years,  assumed  large  proportions.  The  acid 
has  become  vulgarised,  and  quite  as  popularly  known,  as  the 
most  common  household  drugs  or  chemicals.*    This  familiarity 

w7lM'?7     f,""  '''"y  ^'"^  y^^"''  ^^^s  discovered 

r^-!  f  ""^^  ^^^"^  ^«ed  by  Lister  until 

about  1863.    It  was  not  known  to  the  people  generally  until 

S-StXsfnXrand.''  ^'^^  ^  '^'^'^ 

Palck  has  collected,  since  the  year  1868,  no  less  than  eiohtv 
seven  cases  of  poisoning  from  carbolic  acid  recorded  in  mediSl' 
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literature.  In  one  of  the  cases  the  individual  died  in  nine 
hours  from  a  large  dose  of  carbolate  of  soda ;  in  a  second,  violent 
symptoms  were  induced  by  breathing  for  three  hours  carbolic 
acid  vapour;  in  the  remaining  eighty-five,  the  poisoning  was 
caused  by  the  liquid  acid.  Of  these  eighty-five  persons,  seven 
had  taken  the  poison  with  suicidal  intent,  and  of  the  seven,  five 
died ;  thirty-nine  were  poisoned  through  the  medicinal  use  of 
carbolic  acid,  twenty-seven  of  the  thirty-nine  by  the  antiseptic 
treatment  of  wounds  by  carbolic  acid  dressings,  and  of  these 
eight  terminated  fatally ;  in  eight  cases,  symptoms  of  poisoning 
followed  the  rubbing  or  painting  of  the  acid  on  the  skin  for  the 
cure  of  scabies,  favus,  or  psoriasis,  and  six  of  these  patients  died. 
In  four  cases,  carbolic  acid  enemata,  administered  for  the  pur- 
pose of  dislodging  ascarides,  gave  rise  to  symptoms  of  poisoning, 
and  in  one  instance  death  followed. 

The  substitution  of  carbolic  acid  for  medicine  happened  as 
follows : — 


Taken  instead  of  Tincture  of  Opium,  . 

,,        Infusion  of  Senna,  . 
,,  Mineral  Water, 

,,        other  Mixtures, 
,,     inward  instead  of  outward  application, 


Cases. 
1 

;? 

2 
3 


12 


of  these  twelve,  eight  died. 

Again,  ten  persons  took  carbolic  acid  in  mistake  for  various 
alcoholic  drinks,  such  as  Schnapps,  brandy,  rum,  or  beer,  and 
nine  of  the  ten  succumbed  j  seventeen  persons  drank  carbolic 
acid  simply  "by  mistake,"  and  of  these  thirteen  died.  Thus, 
of  the  whole  eighty-five  cases,  no  less  than  fifty-one  ended  fatally, 
— nearly  60  per  cent. 

§  190.  Fatal  Dose. — The  minimum  fatal  dose  for  cats,  dogs, 
and  rabbits,  appears  to  be  from  -4  to  -5  grm.  per  kilogram. 
Falck  has  put  the  minimum  lethal  dose  for  man  at  15  grms. 
(231-5  grains),  which  would  be  about  -2  per  kUo.,  basing  his 
estimate  on  the  following  reasoning.  In  thirty-three  cases  he 
had  a  fairly  exact  record  of  the  amount  of  acid  taken,  and,  out 
of  the  thirty-three,  he  selects  only  those  cases  which  are  of  use 
for  the  decision  of  the  question.  Among  adults  m  five  cases 
the  dose  was  30  grms.,  and  all  the  five  cases  terminated  by 
death,  in  times  varying  from  five  minutes  to  an  hour  and  a  fialt. 
By  other  five  adults  a  dose  of  15  grms.  was  taken ;  ot  the  five, 
three  men  and  one  woman  died  in  times  varying  from  forty-five 
minutes  to  thirty  hours,  while  one  woman  recovered  Doses  ot 
11-5  10-8,  and  9  grins,  were  taken  by  different  men,  and  recovered 
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from ;  on  the  other  hand,  a  suicide  who  took  one  and  a  half 
teaspoonful,  (about  6  grms.)  of  the  concentrated  acid,  died  in 
fifty  minutes.  Doses  of  "3  to  3  grms  have  caused  symptoms  of 
poisoning,  but  the  patients  recovered,  while  higher  doses  than 
15  grms.  in  twelve  cases,  with  only  one  exception,  caused 
death.  Hence,  it  may  be  considered  tolerably  well  established, 
that  15  grms.  (231-5  grains)  may  be  taken  as  representing  the 
minimum  lethal  dose. 

The  largest  dose  from  which  a  person  appears  to  have 
recovered  is,  I  believe,  that  given  in  a  case  recorded  by  Davidson 
in  which  150  grms.  of  crude  carbolic  acid  had  been  taken.  It 
must,  however,  be  remembered  that  as  this  was  the  impure  acid, 
probably  only  half  of  it  was  really  carbolic  acid.  The  German 
Pharmacopoeia  prescribes  as  a  maximum  dose  "05  (•"  grain)  of  the 
crystallised  acid,  and  a  daily  maximum  quantity  given  in  divided 
doses  of  -15  grm.  (2-3  grains). 

§  191.  Effects  on  Animals. — Carbolic  acid  is  poisonous  to  both 
animal  and  vegetable  life. 

Infusoria. — One  part  of  the  acid  in  10,000  parts  of  water 
rapidly  kills  ciliated  animalcules, — the  movements  become 
sluggish,  the  sarcode  substance  darker,  and  the  cilia  in  a  little 
time  cease  moving. 

Fish.—One  part  of  the  acid  in  7,000  of  water  kills  dace,  ' 
minnows,  roach,  and  gold  fish.  In  this  amount  of  dilution  the 
efiect  is  not  apparent  immediately;  but,  at  the  end  of  a  few 
'hours,  the  movements  of  the  fish  become  sluggish,  they  frequently 
rise  to  the  surface  to  breathe,  and  at  the  end  of  twenty-four 
hours  are  found  dead.  Quantities  of  carbolic  acid,  such  as  one 
part  in  100,000  of  water,  appear  to  affect  the  health  of  fish,  and 
render  them  more  liable  to  be  attacked  by  the  fungus  growth 
which  is  so  destructive  to  fish-life  in  certain  years. 

Frogs. — If  -01  to  -02  grm.  of  carbolic  acid  be  dissolved  in  a 
litre  of  water  in  which  a  frog  is  placed,  there  is  almost  immedi- 
ately signs  of  uneasiness  in  the  animal,  showing  that  pain  from 
local  contact  is  experienced;  a  sleepy  condition  follows,  with 
exaltation  of  reflex  sensibility ;  convulsions  succeed,  generally, 
though  not  always ;  then  reflex  sensibility  is  diminished,  ulti- 
mately vanishes,  and  death  occurs ;  the  muscles  and  nerves  still 
respond  to  the  electric  current,  and  the  heart  beats,  but  slowly 
and  weakly,  for  a  little  after  the  respiration  has  ceased 
wp!  I;    /^oT^^'^^'^f  Animals.-For  a  rabbit  of  the  average 

Zf^fi.^      \       '^^  fT-  '"^^'^  and  -3  a  lethal 

dose  (that  IS  -15  per  kilo.)    The  sleepy  condition  of  the  frog  is 

dilatat  on  ^f'T^       'V  !rP*"^^  convulsions  with 

dilatation  of  the  pupils,  the  convulsions  passing  into  death, 
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without  a  noticeable  paralytic  stage.  The  symptoms  observed 
in  poisoned  dogs  are  aknost  precisely  similar,  the  dose  according 
to  body-weight  being  the  same.  It  has,  however,  been  noticed 
that  with  doses  large  enough  to  produce  convulsions,  a  weak 
condition  has  supervened,  causing  death  in  several  days.  There 
appears  to  be  no  cumulative  action,  since  equal  toxic  doses  can 
be  given  to  animals  for  some  time,  and  the  last  dose  has  no 
greater  effect  than  the  first  or  intermediate  ones.  The  patho- 
logical appearances  met  with  in  animals  poisoned  by  the  minimum 
lethal  doses  referred  to  are  not  characteristic ;  but  there  is  a 
remarkable  retardation  of  putrefaction. 

§  193.  Sy^nptoms  in  Man,  External  Application. — A  5  per  cent, 
solution  of  carbolic  acid,  applied  to  the  skin,  causes  a  peculiar 
numbness,  followed,  it  may  be,  by  irritation.  Young  subjects, 
and  those  with  sensitive  skins,  sometimes  exhibit  a  pustular 
eruption,  and  concentrated  solutions  cause  more  or  less  destruc- 
tion of  the  skin.  Lemaire  *  describes  the  action  of  carbolic  acid 
on  the  skin  as  causing  a  slight  inflammation,  with  desquamation 
of  the  epithelium,  followed  by  a  very  permanent  brown  stain, 
but  this  he  alone  has  observed.  Applied  to  the  mucous  mem- 
brane, carbolic  acid  turns  the  epithelial  covering  white ;  the 
epithelium,  however,  is  soon  thrown  off",  and  the  place  rapidly 
heals;  there  is  the  same  numbing,  aconite-like  feeling  before 
noticed.  The  vapour  of  carbolic  acid  causes  redness  of  the 
conjunctivfe,  and  irritation  of  the  air-passages.  If  the  application 
is  continued,  the  mucous  membrane  swells,  whitens,  and  pours 
out  an  abundant  secretion. 

Dr.  Whitelock  of  Greenock  has  related  two  instances  in  which 
children  were  treated  with  carbolic  acid  lotion  (strength  2J  per 
cent.)  as  an  application  to  the  scalp  for  ringworm ;  in  both, 
symptoms  of  poisoning  occurred — in  the  one,  the  symptoms  at 
once  appeared ;  in  the  other  they  were  delayed  for  some  days. 
In  order  to  satisfy  his  mind,  the  experiment  was  repeated  twice, 
and  each  time  gastric  and  urinary  troubles  followed. 

Nussbaum  of  Munich  records  a  case  t  in  which  symptoms 
were  induced  by  the  forcible  injection  of  a  solution  of  carbolic 
acid  into  the  cavity  of  an  abscess. 

Macphail  t  gives  two  cases  of  poisoning  by  carbolic  acid  from 
external  use.  In  the  one,  a  large  tumour  had  been  removed 
from  a  woman  aged  thirty,  and  the  wound  covered  with  gauze 
steeped  in  a  solution  of  carbolic  acid,  in  glycerine,  strength 

*  Lemaire,  Jul.,  " De  I'Acide phenique."   Paris,  1864. 
+  Leitfaden  zur  Aniiseptischer  Wundbehandlung,  141.        ,   ,  , ,  , 
t  "Carbolic  Acid  Poisoning  (Surgical),"  by  S.  Rutherford  Macphail, 
M.B.,  £!d.  Med.  Journal,  cccxiv.,  Aug.,  1881,  p.  134. 
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10  per  cent. ;  subsequently  there  was  high  fever,  with 
diminished  sulphates  in  the  urine,  which  smelt  strongly  of 
carbolic  acid,  and  was  very  dark.  On  substituting  boracic  acid, 
none  of  these  troubles  were  observed.  The  second  case  was 
that  of  a  servant  suifering  from  axillary  abscess;  the  wound 
was  syringed  out  with  carbolic  acid  solution,  of  strength  2J  per 
cent.,  when  effects  were  produced  similar  to  those  in  the  first 
case.  It  was  noted  that  in  both  these  cases  the  pulse  was 
slowed.  Scattered  throughout  surgical  and  medical  literature, 
there  are  many  other  cases  recorded,  though  not  all  so  clear  as 
those  cited.  Several  cases  are  also  on  record  in  which  poisonous 
symptoms  (and  even  death)  have  resulted  from  the  application 
of  carbolic  acid  lotion  as  a  remedy  for  scabies  or  itch. 

A  surgeon  prescribed  for  two  joiners  who  suffered  from  scabies 
a  lotion,  which  was  intended  to  contain  30  grms.  of  carbolic  acid 
in  240  cc.  of  water ;  but  the  actual  contents  of  the  flasks  were 
afterwards  from  analysis  estimated  by  Hoppe-Seyler  to  be  33-26 
grms.,  and  the  quantity  used  by  each  to  be  equal  to  13-37  grms. 
(206  grains)  of  carbolic  acid.  One  of  the  men  died,  the  survivor 
described  his  own  symptoms  as  follows  : — He  and  his  companion 
stood  in  front  of  the  fire,  and  rubbed  the  lotion  in ;  he  rubbed 
it  into  his  legs,  breast,  and  the  front  part  of  his  body  ;  the  other 
parts  were  mutually  rubbed.  Whilst  rubbing  his  right  arm, 
and  drying  it  before  the  fire,  he  felt  a  burning  sensation,  a 
tightness  and  giddiness,  and  mentioned  his  sensations  to  his 
companion,  who  laughed.  This  condition  lasted  from  five  to 
seven  minutes,  but  he  did  not  remember  whether  his  companion 
complained  of  anything,  nor  did  he  know  what  became  of  him, 
nor  how  he  himself  came  to  be  in  bed.  He  was  found  holdino- 
on  to  the  joiner's  bench,  looking  with  wide  staring  eyes,  like  a 
drunken  man,  and  was  delirious  for  half  an  hour.  The  followino- 
night  he  slept  uneasily  and  complained  of  headache  and  burning 
of  the  skin.  The  pulse  was  68,  the  appearance  of  the  urine, 
appetite,  and  sense  of  taste  were  normal ;  the  bowels  confined.' 
He  soon  recovered. 

The  other  joiner  seems  to  have  died  as  suddenly  as  if  he  had 
taken  prussic  acid.    He.  called  to  his  mother,  "  Ich  habe  einen 
Bausch,"  and  died  with  pale  livid  face,  after  taking  two  deep 
short  inspirations. 

The  post-mortem  examination  showed  the  sinuses  filled  with 
much  fluid  blood,  and  the  vessels  of  the  pia  mater  congested. 
Frothy,  dark,  fluid  blood  was  found  in  the  lungs,  which  were 
hypera^mic;  the  mucous  tissues  of  the  epiglottis  and  air  tubes 
were  reddened,  and  covered  with  a  frothy  slime.  Both  ven- 
tncles— the  vente  cavje  and  the  vessels  of  the  spleen  and  kidneys 
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— were  filled  with  dark  fluid  blood.  The  muscles  were  very 
red ;  there  was  no  special  odour.  Hoppe-Seyler  recognised 
carbolic  acid  in  the  blood  and  different  organs  of  the  body.* 

In  another  case,  a  child  died  from  the  outward  use  of  a  2  per 
cent,  solution  of  carbolic  acid.  It  is  described  as  follows : — 
An  infant  of  seven  weeks  old  suffered  from  varicella,  and  one 
of  the  pustules  became  the  centre  of  an  erysipelatous  inflam- 
mation. To  this  place  a  2  per  cent,  solution  of  carbolic  acid 
was  applied  by  means  of  a  compress  steeped  in  the  acid ;  the 
following  morning  the  temperature  rose  from  36-5°  (97 "7  F.)  to 
37°  (98-6  F.),  and  poisonous  symptoms  appeared.  The  urine 
was  coloured  dark.  There  were  sweats,  vomitings,  and  con- 
tracted pupils,  spasmodic  twitchings  of  the  eyelids  and  eyes, 
with  strabismus,  slow  respiration,  and  lastly,  inability  to  swallow. 
Under  the  influence  of  stimulating  remedies  the  condition  tem- 
porarily improved,  but  the  child  died  twenty-three  and  a  half 
hours  after  the  first  application.  An  examination  showed  that 
the  vessels  of  the  brain  and  the  tissue  of  the  lungs  were  abnor- 
mally full  of  blood.  The  liver  was  softer  than  natural,  and 
exhibited  a  notable  yellowishness  in  the  centre  of  the  acini. 
Somewhat  similar  appearances  were  noticed  in  the  kidneys,  the 
microscopic  examination  of  which  showed  the  tuhuli  contorti 
enlarged  and  filled  with  fatty  globules.  In  several  places  the 
epithelium  was  denuded,  in  other  places  swollen,  and  with  the 
nuclei  very  visible. 

In  an  American  case,t  death  followed  the  application  of  car- 
bolic acid  to  a  wound.  A  boy  had  been  bitten  by  a  dog,  and 
to  the  wound,  at  one  o'clock  in  the  afternoon,  a  lotion,  con- 
sisting of  nine  parts  of  carbolic  acid  and  one  of  glycerine,  was 
applied.  At  seven  o'clock  in  the  evening  the  child  was  uncon- 
scious, and  died  at  one  o'clock  the  following  day. 

§  194.  Internal  Administration. — Carbolic  acid  may  be  taken 
into  the  system,  not  alone  by  the  mouth,  but  by  the  lungs,  as 
in  breathing  carbolic  acid  spray  or  carbolic  acid  vapour.  _  It  is 
also  absorbed  by  the  skin  when  outwardly  applied,  or  in  the 
dressincr  or  the  spraying  of  wounds  with  carbolic  acid.  Lastly, 
the  ordinary  poisonous  eff"ects  have  been  produced  by  the  absorp- 
tion from  the  bowel,  when  administered  as  an  enema.  When 
swallowed  undiluted,  and  in  a  concentrated  form,  the  symptoms 
may  be  those  of  early  collapse,  and  speedy  death.  Hence,  the 
course  "is  very  similar  to  that  witnessed  m  poisoning  by  the 
mineral  acids. 

*  R  Kohler,  Wilrtem.  Med.  Corr.  Bl,  xlii.,  No.  6,  April,  1872.  H. 
Abelin.  5c/mj(Z<'sJaAr&Mc7ie?%  1877,  Bd.  173,  S.  163.  icvq  ^  57 

■\  American  Journal  of  Pharmacy,  vol.  b.,  4tli  Ser.  ;  vol.  ix.,  Ib/y,  P-  ok 
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If  lethal,  but  not  excessive  doses  of  the  diluted  acid  are 
taken,  the  symptoms  are — a  burning  in  the  mouth  and  throat, 
a  peculiarly  unpleasant  persistent  taste,  and  vomiting.  There 
are  faintness  and  pallor  of  the  face,  which  is  covered  by  a 
clammy  sweat,  and  the  patient  soon  becomes  unconscious,  the 
pulse  small  and  thready,  and  the  pupils  sluggish  to  light.  The 
respiration  is  profoundly  affected;  there  is  dyspnoea,  and  the 
breathing  becomes  shallow.     Death  occurs  from  paralysis  of 
the  respiratory  apparatus,  and  the  heart  is  observed  to  beat  for 
a  little  after  the  respiration  has  ceased.    All  these  symptoms 
may  occur  from  the  application  of  the  acid  to  the  skin  or  to 
mucous  membranes,  and  have  been  noticed  when  solutions  of 
but  moderate  strength  have  been  used.    There  are  a  series  of 
such  cases  in  gynaecological  practice  when  the  mucous  membrane 
(perhaps  eroded)  of  the  uterus  has  been  irrigated  with  carbolic 
acid  injections.     Thus,  Kiister  *  relates  a  case  in  which,  four 
days  after  confinement,  the  uterus  was  washed  out  with  a  2  per 
cent,  solution  of  carbolic  acid  without  evil  result.  Afterwards 
a  5  per  cent,  solution  was  used,  but  it  at  once  caused  violent 
symptoms  of  poisoning,  the  face  became  livid,  clonic  convulsions 
came  on,  and  at  first  loss  of  consciousness,  which  after  an  hour 
returned.     The  patient  died  on  the  ninth  day.     There  was 
intense  diphtheria  of  the  uterus  and  vagina.     Several  other 
similar  cases  (although  not  attended  with  such  marked  or  fatal 
effects)  are  on  record.f 

§  195.  The  symptoms  of  carbolic  acid  poisoning  admit  of  con- 
siderable variation  from  those  already  described.  The  condition 
is  occasionally  that  of  deep  coma.  The  convulsions  may  be 
general,  or  may  affect  only  certain  groups  of  muscles.  Convul- 
sive twitchings  of  the  face  alone,  and  also  muscular  twitchings 
only  of  the  legs,  have  been  noticed.  In  all  cases,  however,  a 
marked  change  occurs  in  the  urine.  Subissi  J  has  noted  the 
occurence  of  abortion,  both  in  the  pig  and  the  mare,  as  a  result 
of  carbolic  acid,  but  this  effect  has  not  hitherto  been  recorded 
in  the  human  subject. 

It  has  been  experimentally  shown  by  Kiister,  that  previous 
loss  of  blood,  or  the  presence  of  septic  fever,  renders  animals 

*  Central -Blattf.  Gyniikologie,  ii.,  14,  1878. 

+  A  practitioner  in  Calcutta  injected  into  the  bowel  of  a  boy  aged  five 
an  enema  of  diluted  carboHc  acid,  which,  according  to  his  own 'statement' 
f      ''"'•"^  quantity  represented  144  grains  of  the  acid 

i  he  child  became  insensible  a  few  minutes  after  the  operation,  and  died 
withm  four  hours.  There  was  no  post-mortem  examination  ;  the  body  smelt 
strongly  of  carbohc  acidi.— Lancet,  May  19,  1883.  ^ 

X  L'Archivio  (Jella  Veierinaria  Ital.,  xi.,  1874.' 
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more  sensitive  to  carbolic  acid.  It  is  also  said  that  children  are 
more  sensitive  than  adults. 

The  course  of  carbolic  acid  poisoning  is  vei'y  rapid.  In  35 
cases  collected  by  Falck,  in  which  the  period  from  the  taking  of 
the  poison  to  the  moment  of  death  was  accurately  noted,  the 
course  was  as  follows : — 12  patients  died  within  the  first  hour, 
and  in  the  second  hour  3 ;  so  that  within  two  hours  16  died.' 
Between  the  third  and  the  twelfth  hour,  10  died ;  between  the 
thirteenth  and  the  twenty-fourth  hour,  7  died;  and  between 
the  twenty-fifth  and  the  sixtieth  hour,  only  3  died.  Therefore, 
slightly  over  71  per  cent,  died  within  twelve  hours,  and  91-4 
per  cent,  within  the  twenty-four  hours. 

§  196.  Changes  in  the  Urine. — The  urine  of  patients  who  have 
absorbed  in  any  way  carbolic  acid  is  dark  in  colour,  and  may 
smell  strongly  of  the  acid.  It  is  now  established— chiefly  by 
the  experiments  and  observations  of  Baumann* — that  carbolic 
acid,  when  introduced  into  the  body,  is  mainly  eliminated  in  the 
form  of  phenyl-sulphuric  acid,  OgHgHSO^,  or  more  strictly 
speaking  as  potassic  phenyl-sulphate,  OgH^KSO^,  a  substance 
which  is  not  precipitated  by  chloride  of  barium  until  it  has  been 
decomposed  by  boiling  with  a  mineral  acid.  Hence  it  is  that, 
with  doses  of  carbolic  acid  continually  increasing,  the  amount 
of  sulphates  naturally  in  the  urine  (as  estimated  by  simply 
acidifying  with  hydrochloric  acid,  and  precipitating  in  the  usual 
way  with  chloride  of  barium)  continually  decreases,  and  may  at 
last  vanish,  for  all  the  sulphuric  acid  present  is  united  with  the 
phenol.  On  the  other  hand,  the  precipitate  obtained  by  boiling, 
after  having  first  removed  the  sulphate  already  deposited  by  the 
first  operation,  is  ever  increasing. 

Thus,  a  dog  voided  urine  which  contained  in  100  cc,  '262 
grm.  of  precipitable  sulphuric  acid,  and  '006  of  organically- 
combined  sulphuric  acid ;  his  back  was  now  painted  with  car- 
bolic acid,  and  the  normal  proportions  were  reversed,  the 
precipitable  sulphuric  acid  became  -004  grm.,  while  the 
organically-combined  was  '190  in  100  cc.  In  addition  to 
phenyl-sulphuric  acid,  it  is  now  sufficiently  established!  that 

hydroquinone,  (^^6-^45^)'  paradihydroxyl  phenol  and  pyro- 
catechin,  ^^6^4^^^    orthodihydroxyl   phenol,    are  constant 
*  Pfliiger's  ArcJiiv,  13,  1876,  289, 

t  E.  Baumann  and  C.  Preuss :  Zeitschrift  f.  Phps.  Ghemie,  iii.,  156. 
"  Ankitung  zur  Ham-Analyse,"  W.  P.  LObisch,  Leipzig,  1881,  pp.  142,  160. 
Sclimiedeberg :  Ghem.  Cento.  (3),  13,  598. 
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products  of  a  portion  of  the  phenol.  The  hydroquinone  appears 
in  the  urine,  in  the  first  place,  as  the  corresponding  ether- 
sulphuric  acid,  which  is  colourless ;  but  a  portion  of  it  is  set 
free,  and  this  free  hydroquinone  (especially  in  alkaline  urine)  is 
quickly  oxidised  to  a  brownish  product,  and  hence  the  peculiar 
colour  of  urine.  Out  of  dark-coloured  carbolic  acid  urine 
the  hydroquinone  and  its  products  of  decomposition  can  be 
obtained  by  shaking  with  ether ;  on  separation  of  the  ether, 
an  extract  is  obtained,  reducing  alkaline  silver  solution,  and 
developing  quinone  on  warming  with  ferric  chloride. 

To  separate  pyro-catechin,  200  cc.  of  urine  may  be  evaporated 
to  an  extract,  the  extract  treated  with  strong  alcohol,  the 
alcoholic  liquid  evaporated,  and  the  extract  then  treated  with 
ether.  _  On  separation  and  evaporation  of  the  ether,  a  yellowish 
mass  is  left,  from  which  the  pyro-catechin  may  be  extracted  by 
washing  with  a  small  quantity  of  water.    This  solution  will 
reduce  silver  solution  in  the  cold,  or,  if  treated  with  a  few 
drops  of  ferric  chloride  solution,  show  a  marked  green  colour 
changing  on  being  alkalised  by  a   solution   of  sodic  hydro- 
earbonate  to  violet,  and  then  on  being  acidified  by  acetic  acid 
changing  back  again  to  green.    According  to  Thudichum  *  the 
urine  of  men  and  dogs,  after  the  ingestion  of  carbolic  acid, 
contains  a  blue  pigment. 

§  197  The  Action  of  Carbolic  Acid  considered  pJiysioloqically — 
Kesearches  on  animals  have  elucidated,  in  a  great  measure,  the 
mode  in  which  carbolic  acid  acts,  and  the  general  sequence  of 
etiects,  but  there  is  still  much  to  be  learnt. 

E.  Kustert  has  shown  that  the  temperature  of  dogs,  when 
doses  of  carbohc  acid  in  solution  are  injected  subcutaneously,  or 
T^l  f^  w-?^'  or  very  soon  after  the  operation, 

raised.  With  small  and  moderate  doses,  this  efi^ect  is  but  slight 
-from  half  to  a  whole  degree-on  the  day  after  the  injection 
the  temperature  sinks  below  the  normal  point,  and  only  slowlv 
becomes  again  natural.  With  doses  that  are  just  lethal,  first 
a  rise  and  then  a  rapid  sinking  of  temperature  are  observed  • 
Dut  with  those  excessive  doses  which  speedily  kill,  the  tern' 
perature  at  once  sinks  without  a  preliminary  rise.  The  action 
on  the  heart  is  not  yeiy  marked,  bit  there  is^lways  a  slow^S 
of  the  cardiac  pulsations;  according  to  Hoppe-Seyle?  the  arterSs 
are  relaxed     The  respiration  is  much  quickened ;  this  accelera 

has'shown  tLTrr '^^"'f.f*^"  vagus'centre,  siAce  Safkow  ky 
lias  shown  that  section  of  the  vagus  produces  a  retardation  of 

I  ''O^.t^ePathology  of  the  Urine,"  Lond.,  1877  d  IQS 
t  Archwf.  Klin.  Chvrurgie,  Bd.  23,  S.  133,  1879.^' 
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the  respiratory  wave.  Direct  application  of  the  acid  to  muscles 
or  nerves  quickly  destroys  their  excitability  without  a  previous 
stage  of  excitement.  The  main  cause  of  the  lethal  action  of 
carbolic  acid — putting  on  one  side  those  cases  in  which  it  may 
kill  by  its  local  corrosive  action — appears  to  be  through  paralysis 
of  the  respiratory  nervous  centres.  The  convulsions  arise  from 
the  spinal  cord.  On  the  cessation  of  the  convulsions,  the 
superficial  nature  of  the  breathing  assists  other  changes  by 
preventing  the  due  oxidation  of  the  blood. 

§  198.  Carbolic  acid  is  separated  from  the  body,  partly  by 
the  skin,  and  partly  by  the  urine  as  phenyl-sulphuric  acid,  in 
combination  with  alkalies  and  other  compounds  already  men- 
tioned. It  also  apparently  undergoes  other  chemical  changes, 
and  produces  hydroquinones,  pyrocatechin,  and  double  ethers. 
Salkowsky  considers  that,  with  rabbits,  he  has  also  found  oxalic 
acid  in  the  urine  as  an  oxidation  product.  According  to  the 
researches  of  Binnendijk,*  the  separation  of  carbolic  acid  by 
the  urine  commences  very  quickly  after  its  ingestion ;  and  under 
favourable  circumstances,  it  may  be  completely  excreted  within 
from  twelve  to  sixteen  hours.  It  must  be  remembered  that 
the  presence  of  carbolic  acid  is  possible  in  the  animal  body,  as 
the  result  of  the  digestion  of  albuminous  substances  or  of  their 
putrefaction.  A  small  amount  of  carbolic  acid  is  said  to  be 
daily  excreted  by  healthy  men  when  feeding  on  mixed  diet ; 
this  quantity  Engel,t  by  experiment,  estimates  to  be  in  the 
twenty-four  hours  -015  grm. 

§  199.  Postmortem  Appearances.— Eo  fact  is  better  ascertained 
from  experiments  on  animals  than  the  following :— that  with 
lethal  doses  of  carbolic  acid,  administered  by  subcutaneous  injec- 
tion, or  introduced  by  the  veins,  no  appearances  may  be  found 
after  death  which  can  be  called  at  all  characteristic.  Further, 
in  the  cases  in  which  death  has  occurred  from  the  outward 
application  of  the  acid  for  the  cure  of  scabies,  &c.,  no  lesion 
was  ascertained  after  death  which  could— apart  from  the  history 
of  the  case  and  chemical  evidence— with  any  confidence  be 
ascribed  to  a  poison.  . , 

On  the  other  hand,  when  somewhat  large  doses  ot  the  acia 
are  taken  by  the  mouth,  very  coarse  and  appreciable  changes 
are  produced  in  the  upper  portion  of  the  alimentary  tract. 
There  may  be  brownish,  wrinkled  spots  on  the  cheek  or  lips, 
the  mucous  membrane  of  the  mouth,  throat,  and  gullet  is  otten 
white,  and  if  the  acid  was  concentrated,  eroded.    The  stomacli 

*  Journal  de  PJiarmacie  et  de  CJiimie.  n^n  loan 

+  Annal.  de  Chimie  et  de  Physique,  5  Ser.,  T.  20,  p.  260, 
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is  sometimes  thickened,  contracted,  and  blanched,  a  condition 
well  shown  in  a  pathological  preparation  (ix.  206,  43/)  in  St. 
George's  Hospital.  The  mucous  membrane,  indeed,  may  be 
quite  as  much  destroyed  as  if  a  mineral  acid  had  been  taken. 
Thus,  in  Guy's  Hospital  museum  (1799*0),  there  is  preserved 
the  stomach  of  a  child  who  died  from  taking  accidentally  carbolic 
acid.  It  looks  like  a  piece  of  paper,  and  is  very  white,  with 
fawn-coloured  spots ;  the  rugae  are  absent,  and  the  mucous  mem- 
brane seems  to  have  entirely  vanished.  ISTot  unfrequently  the 
stomach  exhibits  white  spots  with  roundish  edges.  The  duo- 
denum is  often  affected,  and  the  action  is  not  always  limited 
to  the  first  part  of  the  intestine. 

The  respiratory  passages  are  often  inflamed,  and  the  lungs  in 
filtrated  and  congested.  As  death  takes  place  from  an  asphyxiated 
condition,  the  veins  of  the  head  and  brain,  and  the  blood-vessels 
of  the  liver,  kidney,  and  spleen,  are  gorged  with  blood,  and  the 
right  side  of  the  heart  distended,  while  the  left  is  empty.  On 
the  other  hand,  a  person  may  die  of  sudden  nervous  shock  from 
the  ingestion  of  a  large  quantity  of  the  acid,  and  in  such  a  case 
the  post-mortem  appearances  will  not  then  exhibit  precisely  the 
characters  just  detailed.  Putrefaction  is  retarded  according  to 
the  dose,  and  there  is  often  a  smell  of  carbolic  acid.*  If  any 
urine  is  contained  in  the  bladder,  it  will  probably  be  dark,  and 
present  the  characters  of  carbolic  urine  detailed  at  p.  161 


TESTS  FOR  CAEBOLIC  ACID. 


.J?^:  P'>'ne-wood  ^es^.— Certain  pine-wood  gives  a  beau- 

tiful blue  colour  when  moistened  first  with  carbolic  acid,  and 
afterwards  with  hydrochloric  acid,  and  exposed  to  the  lieht 
borne  species  of  pine  give  a  blue  colour  with  hydrochloric  acid 
alone,  and  such  must  not  be  used;  others  do  not  respond  to 
the  test  for  carbolic  acid.  Hence  it  is  necessary  to  try  the  chips 
of  wood  first,  to  see  how  they  act,  and  with  this  precaution 
Imbe  madeT''^  serviceable,  and,  in  cautious  hands,  no  error 
%  Ammonia  and  Hypochlorite  Test.~li  to  a  solution  con 

^^m^  '"^f  ^  P^r*  °f  carbolic  acid  Tn 

5,000  parts  of  water,  first,  about  a  quarter  of  its  volume  of 
ammonia  hydrate  be  added,  and  then  a  small  quantity  of  sodL 
hypochlorite  solution,  avoiding  excess,  a  blue  colon?  appears  : 

P^rSSSr^tKLS  t^t;^^^  the 
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•warming  quickens  the  reaction,  the  blue  is  permanent,  but  turns 
to  red  with  acids.  If  there  is  a  smaller  quantity  than  the  above 
proportion  of  acid,  the  reaction  may  be  still  produced  feebly 
after  standing  for  some  time. 

3.  Ferric  Chloride.— One  part  of  phenol  in  3,000 '  parts  of 
"water  can  be  detected  by  adding  a  solution  of  ferric  chloride; 
a  fine  violet  colour  is  produced.  This  is  also  a  very  good  test, 
when  applied  to  a  distillate;  but  if  applied  to  a  complex  liquid, 
the  disturbing  action  of  neutral  salts  and  other  substances  may 
be  too  great  to  make  the  reaction  under  those  circumstances  of 
service. 

4.  Bromine. — The  most  satisfactory  test  of  all  is  treatment  of 
the  liquid  by  bromine-water.  A  precipitate  of  tri-bromo-phenol 
(OgHgBrgO)  is  rapidly  or  slowly  formed  according  to  the  strength 
of  the  solution;  in  detecting  very  minute  quantities  the  pre- 
cipitate must  be  given  time  to  form.  According  to  Allen,*  a 
solution  containing  but  ^q^qq  of  carbolic  acid  gave  the  reaction 
after  standing  twenty-four  hours. 

The  properties  of  the  precipitate  are  as  follows: — it  is 
crystalline,  and  under  the  microscope  is  seen  to  consist  of  fine 
stars  of  needles ;  its  smell  is  peculiar ;  it  is  insoluble  in  water 
and  acid  liquids,  but  soluble  in  alkalies,  ether,  and  absolute 
alcohol ;  a  very  minute  quantity  of  water  sufiices  to  precipitate 
it  from  an  alcoholic  solution;  it  is  therefore  essential  to  the 
success  of  the  test  that  the  watery  liquid  to  be  examined  is 
either  neutral  or  acid  in  reaction. 

§  201.  Tri-bromo-phenol  may  be  used  for  the  quantitative 
estimation  of  carbolic  acid,  100  parts  of  tri-bromo-phenol  are 
equal  to  28-39  of  carbolic  acid;  by  the  action  of  sodium  amalgam 
tri-bromo-phenol  is  changed  back  into  carbolic  acid. 

That  bromine-water  precipitates  several  volatile  and  fixed 
alkaloids  from  their  solutions  is  no  objection  to  the  bromine 
test,  for  it  may  be  applied  to  a  distillation  product,  the  bases 
having  been  previously  fixed  by  sulphuric  acid.  Besides,  the 
properties  of  tri-bromo-phenol  are  distinct  enough,  and  therefore 
there  is  no  valid  objection  to  the  test.  It  is  the  best  hitherto 
discovered.  There  are  also  other  reactions,  such  as  that  Millon's 
reagent  strikes  a  red— molybdic  acid,  in  concentrated  sulphuric 
acid  a  blue— and  potassic  dicromate  with  sulphuric  acid  a  brown 
colour— but  to  these  there  are  objections.  Again  we  have  the 
Euchlorine  test  in  which  the  procedure  is  as  follows :— A  test-tube  is 
taken,  and  concentrated  hydrochloric  acid  is  allowed  to  act  therein 
upon  potassic  chlorate.     After  the  gas  has  been  evolved  for 


*  "Commercial  Organic  Analysis,"  vol.  i.,  p.  306. 
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from  thirty  to  forty  seconds,  the  liquid  is  diluted  with  one  and 
a  half  volume  of  water,  the  gas  removed  by  blowing  through  a 
tube,  and  solution  of  strong  ammonia  poured  in  so  as  to  form 
a  layer  on  the  top;  after  blowing  out  the  white  fumes  of 
ammonium  chloride,  a  few  drops  of  the  sample  to  be  tested  are 
added.  In  the  presence  of  carbolic  acid,  a  rose-red,  blood-red, 
or  red-brown  tint  is  produced,  according  to  the  quantity  present. 
Carbolic  acid  may  be  confounded  with  cresol  or  with  creasote, 
but  the  distinction  between  pure  carbolic  acid,  pure  cresol, 
and  creasote  is  plain. 

§  202.  Cresol  is  at  ordinary  temperatures  a  liquid,  and  cannot 
be  obtained  in  a  crystalline  state  by  freezing.  Its  boiling  point 
is  from  198°  to  203°;  it  is  almost  insoluble  in  strong  ammonia, 
and,  when  sixteen  volumes  are  added,  it  then  forms  crystalline 
scales.  On  the  other  hand,  carbolic  acid  is  soluble  in  an  equal 
volume  of  ammonia,  and  is  then  precipitated  by  the  addition 
of  one  and  a  half  volume  of  water.  Cresol  is  insoluble  in  small 
quantities  of  pure  six  per  cent,  soda  solution ;  with  a  large 
excess,  it  forms  crystalline  scales ;  while  carbolic  acid  is  freely 
soluble  in  small  or  large  quantities  of  alkaline  solutions. 

Cold  petroleum  spirit  dissolves  cresol,  but  no  crystalline  scales 
can  be  separated  out  by  a  freezing  mixture.  Carbolic  acid,  on 
the  contrary,  is  but  sparingly  soluble  in  cold  petroleum,  and  a 
solution  of  carbolic  acid  in  hot  petroleum,  when  exposed  to 
sudden  cold  produced  by  a  freezing  mixture,  separates  out 
crystals  from  the  upper  layer  of  liquid.  Cresol  is  miscible  with 
glycerine  of  specific  gravity  1-258  in  all  proportions;  one  measure 
of  glycerine  mixed  with  one  measure  of  cresol  is  completely 
precipitated  by  one  measure  of  water.  Carbolic  acid,  under  the 
same  circumstances,  is  not  precipitated.  The  density  of  cresol 
is  about  1  -044.  It  forms  with  bromine  a  tri-bromo-cresol,  but 
this  is  liquid  at  ordinary  temperatures,  while  tri-bromo-phenol 
is  solid.  On  the  other  hand  it  resembles  carbolic  acid  in  its 
reactions  with  ferric  chloride  and  with  nitric  and  sulphuric  acid. 

§  203.  Creasote  or  Kreozote  is  a  term  applied  to  the  mixture  of 
crude  phenols  obtained  from  the  distillation  of  wood-tar.  It 
consists  of  a  mixture  of  substances  of  which  the  chief  are 
guaiacol  or  oxycresol  (C^HgOo),  boiling  at  200°,  and  creasol 
{(\^^qO^)  boiling  at  217°,  also  in  small  quantities  phlorol 
(psHioO),  methyl  creasol  (CgHjgOg),  and  other  bodies.  Morson's 
English  creasote  is  prepared  from  Stockholm  tar,  and  boils  at 
about  217°,  consisting  chiefly  of  creasol;  it  is  not  easy,  by  mere 
chemical  tests,  to  distinguish  creasote  from  cresylic  acid.  Creasote, 
in  Its  reactions  with  sulphuric  and  nitric  acid,  bromine  and 
gelatin,  is  similar  to  carbolic  and  cresylic  acid,  and  its  solubility 
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in  most  solvents  is  also  similar.  It  is,  however,  distinguished 
trom  the  tar  acids  by  its  insolubility  in  Price's  glycerin,  specific 
gravity  1-J58,  whether  one,  two,  or  three  volumes  of  glycerin 
be  employed.  But  the  best  test  is  its  action  on  an  ethereal 
solution  of  nitro-cellulose.  Creasote  mixes  freely  with  the  B  P 
collodium,  while  cresylic  acid  or  carbolic  acid  at  once  coagulates 
the  latter.  With  complicated  mixtures  containing  carbolic  acid 
cresol,  and  creasote,  the  only  method  of  applying  these  tests 
with  advantage  is  to  submit  the  mixture  to  fractional  distillation. 

Pluckiger*  tests  for  small  quantities  of  carbolic  acid  in 
creasote,  by  mixing  a  watery  solution  of  the  sample  with  one- 
fourth  of  its  volume  of  ammonia  hydrate,  wetting  the  inside  of 
a  porcelain  dish  with  this  solution,  and  then  carefully  blowing 
bromine  fumes  on  to  the  surface.  A  fine  blue  colour  appears  if 
carbolic  acid  is  present,  but  if  the  sample  consists  of  creasote 
only,  then  it  is  dirty  green  or  brown.  Excess  of  bromine  spoils 
the  reaction.f 

§  204.  Carbolic  Acid  in  Organic  Fluids  or  in  the  Tissues  of  the 
Body. — If  the  routine  process  given  at  page  53,  where  the 
organic  fluid  is  distilled  in  a  vacuum  after  acidifying  with  tar- 
taric acid,  is  employed,  carbolic  acid,  if  present,  will  certainly  be 
found  in  the  distillate.  If,  however,  a  special  search  be  made 
for  the  acid,  then  the  fluid  must  be  well  acidified  with  sulphuric 
acid,  and  distilled  in  the  usual  way.  The  distillation  should  be 
continued  as  long  as  possible,  and  the  distillate  shaken  up  with 
ether  in  the  apparatus  figured  at  page  142.  On  separation  and 
evaporation  of  the  ether,  the  carbolic  acid,  if  present,  will  be  left 
in  a  pure  enough  form  to  show  its  reactions.  The  same  process 
applies  to  the  tissues,  which,  in  a  finely-divided  state,  are  boiled, 

*  Arch,  der  Pharmacie,  cxiii.,  p.  30. 

+  Creasote  is,  without  doubt,  poisonous,  thougli  but  little  is  lmo\\Ti  of  its 
action,  and  very  few  experiments  are  on  record  ia  which  pure  creasote  has 
been  employed.  Eulenberg  has  studied  the  symptoms  in  rabbits,  by  sub- 
mitting them  to  vaporised  creasote — i.e.,  the  vapour  from  twenty  drops  of 
creasote  diffused  through  a  glass  shade  under  which  a  rabbit  was  confined. 
There  was  at  once  great  uneasiness,  with  a  watery  discharge  from  the  eyes, 
and  after  seven  minutes  the  rabbit  fell  on  its  side,  and  was  slightly  con- 
vulsed. The  cornea  was  troubled,  and  the  eyes  prominent ;  a  white  slime 
flowed  from  the  mouth  and  eyes.  After  fifteen  minutes  there  was  narcosis, 
with  lessened  reflex  action  ;  the  temperature  was  almost  normal.  There 
was  rattling  breathing,  and  in  half  an  hour  the  animal  died,  the  respiration 
ceasing,  and  fluid  blood  escaping  from  the  nose.  Section  after  death  showed 
the  brain  to  be  hyperasmic,  the  mucous  membranes  of  the  air  jiassages  to  be 
covered  with  a  thin  layer  of  fluid  blood,  and  the  lungs  to  be  congested  ;  the 
right  side  of  the  heart  was  gorged  with  fluid  blood. 

The  post-mortem  appearances  and  the  symptoms  generally  are,  therefore, 
closely  allied  to  those  produced  by  carbolic  acid.  A  dark  colour  of  the 
urine  has  also  been  noticed. 
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and  distilled.with  dilute  sulphuric  acid,  and  the  distillate  treated 

as  iust  detailed.  .•  p 

Like  most  poisons,  carbolic  acid  has  a  selective  attraction  tor 
certain  organs,  so  that  unless  all  the  organs  are  examined,  it  is 
by  no  means  indiflferent  which  particular  portion  is  selected  lor 
the  inquiry.  Hoppe-Seyler  applied  carbolic  acid  to  the  abdomen 
and  thighs  of  dogs,  and  when  the  symptoms  were  at  their  height 
bled  them  to  death,  and  separately  examined  the  parts,  in  one 
case,  the  blood  yielded  -00369  per  cent.  ;  the  brain,  -0034  per 
cent. ;  the  liver,  -00125 ;  and  the  kidneys,  -00423  per  cent,  ot 
their  weight  of  carbolic  acid.  The  liver  then  contains  only 
one-third  of  the  quantity  found  in  an  equal  weight  of  blood, 
and,  therefore,  the  acid  has  no  selective  affinity  for  that  organ. 
Oh  the  other  hand,  the  nervous  tissue,  and  especially  the 
kidneys,  appear  to  concentrate  it. 

§  205.  Examination  of  the  Urine  for  Carbolic  Acid. — It  has 
been  previously  stated  (see  p.  160)  that  the  urine  will  not  con- 
tain carbolic  acid  as  such,  but  as  a  compound  salt — viz.,  phenyl- 
sulphate  of  potassium.  By  boiling  with  a  mineral  acid  this 
compound  may,  however,  be  broken  up,  and  carbolic  acid  ob- 
tained, either  by  distillation  or  by  extraction  with  ether.  To 
detect  very  minute  quantities,  a  large  quantity  of  the  urine 
should  be  evaporated  down  to  a  syrup,  and  treated  with  hydro: 
chloric  acid  and  ether.  On  evaporating  off  the  ether,  the  residue 
should  be  distilled  with  dilute  sulphuric  acid,  and  this  distillate 
then  tested  with  bromine-water,  and  the  tri-bromo-phenol  col- 
lected, identified,  and  weighed. 

Thudichum  *  has  separated  crystals  of  potassic  phenyl-sulphate 
itseK  from  the  urine  of  patients  treated  endermically  by  carbolic 
acid,  as  follows  : — 

The  urine  was  evaporated  to  a  syrup,  extracted  with  alcohol 
of  90  per  cent.,  treated  with  an  alcoholic  solution  of  oxalic  acid 
as  long  as  this  produced  a  precipitate,  and  then  shaken  with 
an  equal  volume  of  ether.  The  mixture  was  next  filtered, 
neutralised  with  potassic  carbonate,  evaporated  to  a  small  bulk, 
and  again  taken  up  with  alcohol.  Some  oxalate  and  carbonate 
of  potassium  were  separated,  and  on  evaporation  to  a  syrup, 
crystals  of  potassic  phenyl-sulphate  were  obtained.  They  gave 
to  analysis  46-25  per  cent.  HgSO^,  and  18-1  K — ^theory  requir- 
ing 46-2  of  HgSO^  and  18-4  of  K.  Alkaline  phenyl-sulphates 
strike  a  deep  purple  colour  with  ferric  chloride.  To  estimate 
the  amount  of  phenyl-sulphate  in  the  urine,  the  normal  sulphates 
may  be  separated  by  the  addition  of  chloride  of  barium  in  the 


*  "  Pathology  of  the  Urine,"  p.  193. 
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UD  of  tliP  Xr.7i  ^  iP^7^  obtained,  due  to  the  breaking 
amoi,.t  n?  P^'^y^-^^lP^ate,  and  from  this  second  weight  thf 
m  :  233         "     ^''^  obtained-0,H,HSO,  :  B%, 

§  206.  ^ssay  of  Disinfectants,  Carbolic  Acid  Powders  c&c-For 
the  assay  of  crude  carbolic  acid,  Mr.  Charles  Lowl  *  uses  the 
following  process  :-A  thousand  parts  of  the  sampirare  distilled 
^vt':L'^^tEl^'T^^  arrangement;  waCTrsfcomes 
nIS  nf.y.  ^  t  followed  by  an  oily  fluid.  When  a  hundred 
?olW  V  I^**""'-^'  measured  in  a  graduated  tube,  have  been 

oil  of  tar;  if  it  is  heavier  than  the  water,  it  is  regarded  as 
hydrated  acid,  conta  ning  50  per  cent,  of  real 'carbolic  acM  The 
J  r  anhydrous  cresylic  and  carbolic  acids 

and  625  volumes  are  distilled  over;  the  Remainder  in  the  retort 
consists  wholly  of  cresylic  acid  and  the  higher  homologues  The 

mt  rd^P'^^Tl  1  T'""''''  a?e  apprixi- 

mately  determined  by  taking  the  solidifying  point  which  should 

be  between  15-5°  and  24°,_aSd  having  aLrtaW^ht  t^^^^^^^^ 
ture,  imitating  it  by  making  mixtures  of  known  proportions  of 
carbolic  and  cresylic  acids.  ^ 

E.  Waller  t  has  recommended  the  following  process  for  the 
estimation  of  carbohc  acid.  It  is  based  on  the  precipitation  of 
the  tar  acids  by  bromine,  and,  of  course,  all  phenols  precipitated 
m  this  way  will  be  returned  as  carbolic  acid.  The  solutions 
necessary  are — 

1.  A  solution  containing  10  grms.  of  pure  carbolic  acid  to  the 
litre ;  this  serves  as  a  standard  solution. 

2.  A  solution  of  bromine  in  water. 

3.  Solution  of  alum  in  dilute  sulphuric  acid.  A  litre  af 
10  per  cent,  sulphuric  acid  is  shaken  with  alum  crystals  until 
saturated. 

The  actual  process  is  as  follows  :— 10  grms.  of  the  sample  are 
weighed  out  and  run  into  a  litre  flask,  water  added,  and  the 
mixture  shaken.  The  flask  being  finally  filled  up  to  the  neck, 
some  of  the  solution  is  now  filtered  through  a  dry  filter,  and 
10  cc.  of  this  filtrate  is  placed  in  a  6  or  8-ounce  stoppered  bottle, 
and  30  cc.  of  the  alum  solution  added.  In  a  similar  bottle 
10  cc.  of  the  standard  solution  of  carbolic  acid  are  placed,  and 
a  similar  quantity  of  alum  solution  is  added  as  in  the  first 

*  Allen's  "  Commercial  Organic  Analysis,"  vol.  i.,  p.  311. 
t  Chem.  2iews,  April  1,  18S1,  p.  152. 
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bottle.  The  bromine  water  is  now  run  into  the  bottle  oontain- 
ing  the  standard  solution  of  carbolic  acid  from  a  burette  until 
there  is  no  further  precipitate  ;  the  bottle  is  stoppered  and 
shaken  after  every  addition.  Towards  the  end  of  the  reaction 
the  precipitate  forms  but  slowly,  and  when  the  carbolic  acid  is 
saturated,  the  slight  excess  of  bromine  water  gives  the  solution 
a  pale  yellow  tint.  The  solution  from  the  sample  is  ti'eated  in 
the  same  way,  and,  from  the  amount  of  bromine  water  used,  the 
percentage  of  the  sample  is  obtained  by  making  the  usual  cal- 
culations. Thus,  supposing  that  5  cc.  of  the  standard  required 
15  cc-  of  the  bromine  water  for  precipitation,  and  10  cc.  of  the 
solution  of  the  sample  required  17  cc,  the  calculation  would 
be  15x2:  17  =  100  :a3  per  cent.  With  most  samples  of  crude 
carbolic  acid,  the  precipitate  does  not  readily  separate.  It  is 
then  best  to  add  a  little  of  the  precipitate  already  obtained  by 
testing  the  standard  solution,  which  rapidly  clears  the  liquid. 

Koppeschaar' s  volumetric  method  is  more  exact,  but  also  more 
elaborate,  than  the  one  just  described.  Caustic  normal  soda  is 
treated  with  bromine  until  permanently  yellow,  and  the  excess 
o'f  bromine  is  then  driven  off  by  boiling.  The  liquid  now 
contains  5NaBr  +  NaBrOg,  and  on  adding  this  to  a  solution 
containing  carbolic  acid,  and  a  sufficient  quantity  of  hydro- 
chloric acid  to  combine  with  the  sodium,  the  following  reactions 
occur : — 

(1.)  5NaBr  +  NaBr03  +  6HCl  =  6]SraCl  +  6Br  +  3H,0  ; 

and 

(2.)  C6HeO  +  6Br  =  C6H3Br30-i-3HBr. 

Any  excess  of  bromine  liberated  in  the  first  reaction  above 
that  necessary  for  the  second,  will  exist  in  the  free  state,  and 
from  the  amount  of  bromine  which  remains  free  the  quantity  of 
carbolic  acid  can  be  calculated,  always  provided  the  strength  of 
the  bromine  solution  is  first  known.  The  volumetric  part  of  the 
analysis,  therefore,  merely  amounts  to  the  determination  of  free 
bromine,  which  is  best  found  by  causing  it  to  react  on  potassium 
iodide,  and  ascertaining  the  amount  of  free  iodine  by  titration 
with  a  standard  solution  of  sodium  thio-sulphate.  In  other 
words,  titrate  in  this  way  the  standard  alkaline  bromine  solu- 
tion, using  as  an  indicator  starch  paste  until  the  blue  colour 
disappears. 

Colorimetric  Method  of  Estimation.— A  very  simple  and  ever- 
ready  way  of  approximately  estimating  minute  quantities  of  the 
phenols  consists  in  shaking  up  10  grms.  of  the  sample  with 
water  allowing  any  tar  or  insoluble  impurities  to  subside.  Ten 
cc.  of  the  clear  fluid  are  then  taken,  and  half  a  cc.  of  a  5  per  cent 
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solution  of  ferric  chloride  added.  The  colour  produced  is 
imitated  exactly  by  a  standard  solution  of  carbolic  acid,  and 
a  similar  amount  of  the  reagent,  on  the  usual  principles  of  colori- 
metric  analysis. 

§  207.  Carbolic  Acid  Powders. — Siliceous  carbolic  acid  powders 
are  placed  in  a  retort  and  distilled.  Towards  the  end  the  heat 
may  be  raised  to  approaching  redness.  The  distillate  separates 
into  two  portions — the  one  aqueous,  the  other  consisting  of  the 
acids — and  the  volume  may  be  read  off,  if  the  distillate  be 
received  in  a  graduated  receiver.  Carbolic  acid  powders,  having 
lime  as  a  basis,  may  be  distilled  in  the  same  way,  after  first 
decomposing  with  sulphuric  acid.  The  estimation  of  the  neutral 
tar  oils  in  the  distillate  is  easily  performed  by  shaking  the  dis- 
tillate with  caustic  soda  solution,  which  dissolves  completely  the 
tar  acids.  The  volume  of  the  oils  may  be  directly  read  off  if 
the  receiver  is  a  graduated  tube.  Allen  *  has  suggested  the 
addition  of  a  known  volume  of  petroleum  to  the  distillate,  which 
dissolves  the  tar  oils,  and  easily  separates,  and  thus  the  volume 
may  be  more  accurately  determined,  a  correction  being  of  course 
made  by  subtracting  the  volume  of  petroleum  first  added. 

§  208.  Carbolic  Acid  Soap. — A  convenient  quantity  of  soap  is 
carefully  weighed,  and  dissolved  in  a  solution  of  caustic  soda  by 
means  of  heat.  A  saturated  solution  of  salt  is  next  added, 
suflicient  to  precipitate  entirely  the  soap,  which  is  filtered  off; 
the  filtrate  is  acidified  with  hydrochloric  acid,  and  bromine 
water  added.  The  precipitated  tribromo-phenol  is  first  melted 
by  heat,  then  allowed  to  cool,  and  the  mass  removed  from  the 
liquid,  dried,  and  weighed. 


X.— NITRO-BENZENE. 

§  209.  Nitro-benzene  is  the  product  resulting  from  the  action 
of  strong  nitric  acid  on  benzene.  Its  chemical  formula  is 
06H;5NO2.  When  pure,  it  is  of  a  pale  yellow  colour,  of  a  density 
of  1-186,  and  boils  at  from  205°  to  210°.  It  may  be  obtained  in 
prismatic  crystals  by  exposure  to  a  temperature  of  3°.  Its 
smell  is  exactly  the  same  as  that  from  the  oil  or  essence  of 
bitter  almonds;  and  it  is  from  this  circumstance,  under  the 
name  of  "  essence  of  mirbane,"  much  used  in  the  preparation  of 
perfumes  and  flavouring  agents. 

In  commerce  there  are  three  kinds  of  nitro-benzene— the 


*  Op.  Git.,  i.,  p.  310. 
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purest,  with  the  characters  given  above  ;  a  heavier  nitro-benzene, 
boiling  at  210°  to  220°;  and  a  very  heavy  variety,  boiling  at 
222°  to  235°.  The  last  is  specially  used  for  the  preparation  of 
aniline,  or  aniline  blue.  Nitro-benzene  has  been  used  as  an 
adulterant  of  bitter  almond  oil,  but  the  detection  is  easy  (see 
vol.  i.  of  this  work,  "  Foods,"  p.  505).  ISTitro-benzene  was  first 
discovered  by  Mitscherlich  in  1834,  and  its  poisonous  properties 
were  first  pointed  out  by  Casper*  in  1859.  Its  technical _ use 
in  perfumes,  (fee,  dates  from  about  1848,- and  in  the  twenty-eight 
years  intervening  between  that  date  and  1876,  Jiibellf  has 
collected  forty-two  cases  of  poisoning  by  this  agent,  thirteen  of 
which  were  fatal.  One  of  these  cases  was  suicidal,  the  rest 
accidental. 

§  210.  Effects  of  Poisoning  by  Nitro-henzene. — Nitro-benzene  is 
a  very  powerful  poison,  whether  taken  in  the  form  of  vapour  or 
as  a  liquid.  The  action  of  the  vapour  on  animals  has  been 
studied  by  Eulenberg  %  and  others.  One  experiment  will  serve 
as  an  illustration.  Kfteen  grms.  of  nitro-benzene  were  evapor- 
ated on  warm  sand  under  a  glass  shade,  into  which  a  cat  was 
introduced.  There  was  immediately  observed  in  the  animal 
much  salivation,  and  quickened  and  laboured  breathing.  After 
thirty  minutes  exposure,  on  removing  the  shade  to  repeat  the 
dose  of  15  grms.,  the  cat  for  the  moment  escaped.  On  being  put 
back  there  was  again  noticed  the  salivation  and  running  at  the 
eyes,  with  giddiness,  and  repeated  rising  and  falling.  The  animal 
at  last,  about  one  hour  and  forty  minutes  after  the  first  dose,  suc- 
cumbed with  dyspnoea,  and  died  with  progressive  paralysis  of  the 
respiration.  The  membranes  of  the  brain  were  found  gorged 
with  blood,  the  lungs  liver-coloured,  the  mucous  membrane  of 
the  trachea — to  the  finest  subdivisions  of  the  bronchia — red- 
dened, inflamed,  and  clothed  with  a  fine  frothy  mucous.  The 
left  side  of  the  heart  was  filled  with  thick  black  blood.  The 
bladder  contained  8  grms.  of  clear  urine,  in  which  aniline  was 
discovered.    There  was  a  notable  smell  of  bitter  almonds. 

§  211.  The  effects  of  the  vapour  on  man  are  somewhat 
different  in  their  details  to  those  just  described.  In  a  remark- 
able case  related  by  Dr.  Letheby,  a  man,  aged  forty-two,  had 
spilt  some  nitro-benzene  over  his  clothes.  He  went  about 
several  hours  breathing  an  atmosphere  of  nitro-benzene,  he  then 
became  drowsy,  his  expression  was  stupid,  and  his  gait  unsteady, 
presenting  all  the  appearances  of  intoxication.    The  stupor  sud- 

*  Vierteljahrsschri/tfur  Ger.  Med.,  1859,  Bd.  xvi.,  p.  1. 
fJDie  Verf/i/tungenmit  £lausdureu.  JSfitro-benzol  in  Foremischer  Beziehuna 
Erlangen,  1876. 
t  C/ewerle  Hygiene,  S.  607.    Berlin,  1876. 
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denly  deepened  into  coma,  and  the  man  died  ;  the  fatal  course 
being  altogether  about  nine  hours— viz,  four  hours  before  coma, 
and  iive  hours  of  total  insensibility. 

An  interesting  case  of  poisoning  by  the  vapour  is  recorded  by 
laylor.*  A  woman,  aged  thirty,  tasted  a  liquid  used  for  flavour- 
ing pastry,  which  was  afterwards  chemically  identified  as  pure 
nitro-benzene.  She  immediately  spat  it  out,  finding  that  it  had 
an  acrid  taste,  and  probably  did  not  ^swallow  more  than  a  drop. 
In  replacing  the  bottle,  however,  she  spilt  about  a  table-spoon- 
ful, and  allowed  it  to  remain  for  some  minutes ;  it  was  a  small 
room,  and  the  vapour  rapidly  pervaded  it,  and  caused  illness  in 
herself  as  well  as  in  a  fellow-servant.  She  had  a  strange  feeling 
of  numbness  in  the  tongue,  and  in  three  hours  and  a  quarter- 
after  the  accident  was  seen  by  a  medical  man;  she  then  pre- 
sented all  the  appearances  of  prussic  acid  poisoning.  The  eyes 
were  bright  and  glassy,  the  features  pale  and  ghastly,  the  lips 
and  nails  purple,  as  if  stained  with  blackberries,  the  skin 
clammy,  and  the  pulse  feeble,  but  the  mind  was  then  clear. 
An  emetic  was  administered,  but  she  suddenly  became  uncon- 
scious ;  the  emetic  acted,  and  brought  up  a  fluid  with  an  odour 
of  nitro-benzene.  The  stomach-pump  was  also  used,  but  the 
liquid  obtained  had  scarcely  any  odour  of  nitro-benzene.  In 
about  eleven  hours  consciousness  returned,  and  in  about  seven- 
teen hours  she  partially  recovered,  but  complained  of  flashes  of 
light  and  strange  colours  before  her  eyes.  Recovery  was  not 
complete  for  weeks.  In  this  case,  the  small  quantity  swallowed 
would  probably  of  itself  have  produced  no  symptoms,  and  the 
efifects  are  to  be  mainly  ascribed  to  the  breathing  of  the  vapour. 

§  212.  The  liquid,  when  swallowed,  acts  almost  precisely  in 
the  same  way  as  the  vapour,  and  the  symptoms  resemble  very 
much  those  produced  by  prussic  acid.  The  great  distinction 
between  prussic  acid  and  nitro-benzene  poisoning  is  that,  in  the 
latter,  there  is  an  interval  between  the  taking  of  the  poison  and 
its  effects.  This  is,  indeed,  one  of  the  strangest  phenomena  of 
nitro-benzene  poisoning,  for  the  person,  after  taking  it,  may 
appear  perfectly  well  for  periods  varying  from  a  quarter  of  an 
hour  to  two  or  three  hours,  or  even  longer,  and  then  there  may 
be  most  alarming  symptoms  followed  by  rapid  death.  Poisoning 
by  nitro-benzene  satisfies  the  ideal  of  the  dramatist,  who  requires, 
for  the  purposes  of  his  plot,  poisons  not  acting  at  once,  but  with 
an  interval  sufficiently  prolonged  to  admit  of  lengthy  rhapsodies 
and  a  complicated  denouement.  On  drinking  the  poison  there 
is  a  burning  taste  in  the  mouth,  shortly  followed  by  a  very 


*  "Poisons,"  Third  Edition,  p.  665. 
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striking  blueness  or  purple  appearance  of  the  lips,  tongue,  skin, 
nails,  and  even  the  conjunctiva3.  This  curious  colour  of  the 
skin  has,  in  one  or  two  instances,  been  witnessed  an  hour  before 
any  feeling  of  illness  manifested  itself ;  vomiting  then  comes  on, 
the  vomited  matters  smelling  of  nitro-benzene.  The  skin  is  cold, 
there  is  great  depression,  and  the  pulse  is  small  and  weak.  The 
respiration  is  affected,  the  breathing  being  slow  and  irregular, 
the  breath  smelling  strongly  of  the  liquid,  and  the  odour  often 
persisting  for  days.  A  further  stage  is  that  of  loss  of  conscious- 
ness, and  this  comes  on  with  all  the  suddenness  of  a  fit  of 
apoplexy.  The  coma  is  also  similar  in  appearance  to  apoplectic 
coma,  but  there  have  frequently  been  seen  trismus  and  convul- 
sions of  the  extremities.  The  pupils  are  dilated  and  do  not 
react  to  light,  and  reflex  sensibility  is  sometimes  completely 
extinguished.  Oases  vary  a  little  in  their  main  features ;  in  a 
few  the  blue  skin  and  the  deep  sleep  are  the  only  symptoms 
noted.  Death,  for  the  most  part,  occurs  after  a  period  of  from 
eight  to  twenty-four  hours,  (occasionally  as  soon  as  four  or  five 
hours)  after  taking  the  poison. 

From  the  following  remarkable  train  of  symptoms  in  a 
dog,  it  is  probable,  indeed,  that  nitro-benzene,  taken  by  a 
human  being,  might  produce  death  after  a  rather  prolonged 
period  of  time,  by  its  secondary  effects : — To  a  half-bred  grey- 
hound* was  administered  15  grms.  of  nitro-benzene,  when 
shortly  after  there  were  noticed  much  salivation,  shivering, 
and  muscular  twitchings.  The  same  dose  was  repeated  at  the 
end  of  five,  of  seven,  and  of  eight  hours  respectively,  so 
that  the  dog  altogether  took  60  grms.,  but  with  no  other 
apparent  symptom  than  the  profuse  salivation.  On  the 
following  day,  the  dog  voided  a  tapeworm;  vomiting  super- 
vened; the  heart's  action  was  quickened,  and  the  breathing 
difficult;  convulsions  followed,  and  the  pupils  were  seen  to  be 
dilated.  For  eight  days  the  dog  suffered  from  dyspnoea,  quickened 
pulse,  shivering  of  the  legs  or  of  the  whole  body,  tetanic  spasms, 
bloody  motions,  great  thirst  and  debility.  The  temperature 
gradually  sank  under  25°,  and  the  animal  finally  died.  The 
autopsy  showed,  as  the  most  striking  change,  the  whole  mucous 
membrane  of  the  intestinal  tract  covered  with  a  yellow  layer, 
which  chemical  analysis  proved  to  be  caused  by  picric  acid,  and 
m  the  urine,  liver,  and  lungs,  aniline  Avas  discovered. 

§  213.  Fatal  Dose.—lt  is  probable,  from  recorded  cases,  that 
1  grm.  (15-4  gram)  would  be  quite  sufficient  to  kill  an  adult 
and,  under  favourable  circumstances,  less  than  that  quantity.  It 

*  Eulenberg,  Gewcrhe  HyrjiUne,  S.  G07. 


174 


POISONS:    THEIE  EFFECTS  AND  DETECTION.  [§214,215. 


would  seem  that  spirituous  liquids  especially  hasten  and  intensify 
the  action  of  nitro-benzene,  so  that  a  drunken  person,  cceteris 
paribus,  taking  the  poison  with  spirits,  would  be  more  affected 
than  taking  it  under  other  conditions. 

In  a  case  related  by  .Stevenson,*  in  which  so  small  a  quantity 
as  1-74  grms.  was  taken  in  seven  doses,  spread  over  more  than 
forty-eight  hours ;  there  were  yet  extremely  alarming  symptoms, 
and  the  patient  seems  to  have  had  a  narrow  escape.  The 
quantity  of  mtro-benzene  which  would  be  fatal,  if  breathed,  is 
not  known  with  any  accuracy. 

§  214.  Pathological  Appearances. — The  more  characteristic 
appearances  seem  to  be,  a  dark-brown  or  even  black  colour  of 
the  blood,  which  coagulates  with  difficulty  (an  appearance  of 
the  blood  that  has  even  been  noticed  during  life),  venous 
hypersemia  of  the  brain  and  its  membranes,  and  general  venous 
engorgement.  In  the  stomach,  when  the  fluid  has  been  swal- 
lowed, the  mucous  membrane  is  sometimes  reddened  diffusely, 
and  occasionally  shows  ecchymoses  of  a  punctiform  character. 

§  215.  The  essential  action  of  nitro-benze'ne  is  of  considerable 
physiological  interest.  The  blood  is  certainly  in  some  way 
changed,  and  gives  the  spectrum  of  acid  hsematin.t  Filehne  has 
found  that  the  blood  loses,  in  a  great  degree,  the  power  of 
carrying  and  imparting  oxygen  to  the  tissues,  and  its  content 
of  carbon  dioxide  is  also  decreased.  Thus,  the  normal  amount 
of  oxygen  gas  which  the  arterial  blood  of  a  hound  will  give  up 
is  17  per  cent. ;  but  in  the  case  of  a  dog  which  had  been  poisoned 
with  nitro-benzene,  it  sank  to  1  per  cent.    During  the  dyspnoea 

*  This  case  is  not  uninteresting.  Througli  a  mistake  in  reading  an 
extremely  illegible  prescription,  M.  S.  S.,  aet.  21,  was  supplied  by  a  drug- 
gist with  the  following  mixture: — 

B.  Benzole-Nit.,  3ij. 
01.  Menth.  pep.,  3ss. 
01.  Olivaj,  3x. 
gutt.  XXX.,  t.  ds. 

He  took  on  sugar  seven  doses,  each  of  20  minims,  equalling  in  all  23  min., 
(or  by  weight  27'1  grain,  174  grm.)  of  nitro-benzene,  viz.,  three  doses  on 
the  first  day,  three  on  the  second,  and  one  on  the  morning  of  the  third  day. 
The  first  two  days  he  was  observed  to  be  looking  pale  and  ill,  but  went  on 
with  his  work  until  the  seventh  dose,  which  he  took  on  the  third  day  at 
9  a.m.  About  2  p.m.  (or  six  hours  after  taking  the  seventh  dose),  befell 
down  insensible,  the  body  pale-blue,  and  with  all  the  symptoms  already 
described  in  the  text,  and  usually  seen  in  nitro-benzene  poisoning.  With 
suitable  treatment  he  recovered.  The  next  morning,  from  S  ounces  of 
urine  some  nitro-benzene  was  extracted  by  shaking  with  chloroform. 
(Thos.  Stevenson,  M.D.,  in  Quy's  Hospital  Beports,  MS.,  vol.  xxi.,  1876). 

t  Filehne,  W.— "  Ueher  die  Oiftxoirkungen  des  Nitrohenzols."   Arch,  fur 
Exper.  Pathol,  u.  Pharm.,  ix.  329. 
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from  which  the  clog  suffered,  the  carbon  dioxide  _  exhaled 
■was  greater  than  the  normal  amount,  and  the  arterial  blood 
(the  natural  content  of  which  should  have  been  30  per  cent, 
of  this  gas),  only  gave  up  9  per  cent.  Filehne  seeks  to  explain 
the  peculiar  colour  of  the  skin  by  the  condition  of  the  blood, 
but  the  explanation  is  not  altogether  satisfactory.  Some  part 
of  the  nitro-benzene,  without  doubt,  is  reduced  to  aniline  in 
the  body — an  assertion  often  made,  and  as  often  contradicted — but 
it  has  been  found  in  too  many  cases  to  admit  of  question.  It 
would  also  seem  from  the  experiment  on  the  dog,  (p.  173), 
that  a  conversion  into  picric  acid  is  not  impossible.  A  yellow 
colour  of  the  skin  and  conjunctivae,  as  if  picric-acid-stained,  has 
been  noticed  in  men  suffering  under  slow  poisoning  by  nitro- 
benzene. 

§  216.  Detection  and  Separation  of  Nitro-Benzene  from  the 
Animal  Tissues. — It  is  evident  from  the  changes  which  nitro- 
benzene may  undergo  that  the  expert,  in  any  case  of  suspected 
nitro-benzene  poisoning,  must  specially  look  (1.)  for  nitro- 
benzene, (2.)  for  aniline;  and  (3.)  for  picric  acid.  The  best 
general  method  for  the  separation  of  nitro-benzene  is  to  shake 
up  the  liquid  (or  finely-divided  solid)  with  light  benzoHne 
(petroleum  ether),  which  readily  dissolves  nitro-benzene.  On 
evaporation  of  the  petroleum  ether,  the  nitro-benzene  is  left, 
perhaps  mixed  with  fatty  matters.  On  treating  with  cold  water^ 
the  fats  rise  to  the  surface,  and  the  nitro-benzene  sinks  to  the 
bottom ;  so  that,  by  means  of  a  separating  funnel,  the  nitro- 
benzene may  be  easily  removed  from  animal  fats.  The  oily  drops, 
or  fine  precipitate  believed  to  be  nitro-benzene,  may  be  dissolved 
in  spirit  and  reduced  to  aniline  by  the  use  of  nascent  hydrogen, 
developed  from  iron  filings  by  hydrochloric  acid,  and  the  fluid 
tested  with  bleaching  powder,  or,  the  aniline  itself  may  be 
recovered  by  alkalising  the  fluid,  and  shaking  up  with  ether  in 
the  separation -tube  (p.  142),  the  ether  dissolves  the  aniline, 
and  leaves  it,  on  spontaneous  evaporation,  as  an  oily  yellowish 
mass,^  which,  on  the  addition  of  a  few  drops  of  sodic  hypo- 
chlorite, strikes  a  blue  or  violet-blue — with  acids,  a  rose  red  

and  with  bromine,  a  flesh-red.  It  gives  alkaloidal  reactions 
with  such  general  reagents  as  platinum  chloride,  picric  acid,  &c. 
Aniline  itself  may  be  extracted  from  the  tissues  and  fluids  of 
the  body  by  petroleum  ether,  but  in  any  special  search  it  will 
be  better  to  treat  the  organs  as  in  Stas'  process— that  is,  with, 
strong  alcohol,  acidified  with  sulphuric  acid.  After  a  suitable 
digestion  m  this  menstrua,  filter,  and  then  after  evaporating  the 
alcohol,  dissolve  the  alcoholic  extract  in  water;  alkalise  the 
aqueous  solution,  and  extract  the  aniline  by  shaking  it  up  with 
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light  benzoline.  On  separating  the  benzoline,  the  aniline  will 
be  left,  and  it  may  be  dissolved  in  feebly  acid  water,  and  the 
ordinary  tests  just  enumerated  tried. 


XI.— HYDROCYANIC  ACID. 

§  217.  Hydrocyanic  Acid. — Hydric  cyanide — specific  gravity  of 
liquid  0-7058  at  18°  0.,  boiling  point  26-5°  (80°F.),  HCy  =  27. 
The  anhydrous  acid  is  not  an  article  of  commerce,  and  is  only 
met  with  in  the  laboratory.  It  is  a  colourless,  transparent 
liquid,  and  so  extremely  volatile  that,  if  a  drop  fall  on  a  glass 
plate,  a  portion  of  it  freezes.  It  has  a  very  peculiar  peach- 
blossom  odour,  and  is  intensely  poisonous.  It  reddens  litmus 
feebly  and  transiently,  dissolves  red  oxide  of  mercury  freely, 
forms  a  white  precipitate  of  argentic  cyanide  when  treated  with 
silver  nitrate,  and  responds  to  the  other  tests  described  here- 
after. 

§  218.  Medicinal  Preparations  of  Prussic  Acid. — The  B.P.  acid  is 
a  watery  solution  of  prussic  acid ;  its  specific  gravity  should  be 
0-997,  and  it  should  contain  2  per  cent,  of  the  anhydrous  acid. 
2  per  cent,  is  also  the  amount  specified  in  the  pharmacopoeias  of 
Switzerland  and  Norway,  and  in  that  of  Borussica  (VI.  ed.);  the 
latter  ordains,  however,  a  spirituous  solution,  and  the  Norwegian 
an  addition  of  1  per  cent,  of  concentrated  sulphuric  acid. 
The  French  prussic  acid  is  ordered  to  be  prepared  of  a  strength 
equalling  10  per  cent. 

The  adulterations  or  impurities  of  prussic  acid  are  hydro- 
chloric, sulphuric,*  and  formic  acids.  Traces  of  silver  may  be 
found  in  the  French  acid,  which  is  prepared  from  cyanide  of 
silver.  Tartaric  acid  is  also  occasionally  present.  Hydrochloric 
acid  is  most  readily  detected  by  neutralising  with  ammonia, 
and  evaporating  to  dryness  in  a  water-bath;  the  ammonium 
cyanide  decomposes  and  volatilises,  leaving  as  a  saline  residue 
chloride  of  ammonium.  This  may  easily  be  identified  by  the 
precipitate  of  chloride  of  silver,  which  its  solution  gives  on 
testing  with  silver  nitrate,  and  by  the  deep  brown  precipitate 
with  Nessler  solution.  Sulphuric  acid  is,  of  course,  detected 
by  chloride  of  barium,  formic  acid  by  boiling  a  small  quantity 

*  A  trace  of  sulphuric  or  hydrochloric  acid  should  not  be  called  an 
adulteration,  for  it  greatly  assists  the  preservation,  and  therefore  makes  the 
acid  of  greater  therapeutic  efficiency. 


§  219.] 


HYDEOCVANIC  ACID. 


177 


with  a  little  mercuric  oxide;  if  present,  the  oxide  will  be 
reduced,  and  metallic  mercury  fall  as  a  grey  precipitate.  Silver, 
tartaric  acid,  and  any  other  fixed  impurities  are  detected  by 
evaporating  the  acid  to  dryness,  and  examining  any  residue 
which  may  be  left.  It  may  be  well  to  give  the  various  strengths 
of  the  acids  of  commerce  in  a  tabular  form. 

JPgp  C6Ilti 

British  Pharmacopoeia,  Switzerland,  Norway,  and  Bor.  (vj),  2 

France,  10 

Vauquelin's  Acid,  3-3 

Scheele's,       , ,   4  to  5* 


Einer's, 
E-obiquet's, 
Schraeder's, 
Duflos', 
PfafF's, 
KoUer's. 


10 
50 

1-5 

9 
10 
25 


In  English  commerce,  the  analyst  will  scarcely  meet  with  any 
a-cid  stronger  than  Scheele's  5  per  cent. 

Impure  oil  of  bitter  almonds  contains  hydric  cyanide  in 

variable  quantity,  from  5  per  cent,  up  to  U  per  cent.  There 

IS  an  officinal  preparation  obtained  by  digesting  cherry-laurel 

kayes  m  water,  and  then  distilling  a  certain  portion  over. 

This  Aqica  Lauro-cerasi  belongs  to  the  old  school  of  pharmacy 

^?  Tr!^^?^  uncertain  strength,  but  varies  from  -7  to  1  per  cent! 
of  HCJS^.  ^ 

_§  219  Poisoning  by  Prussic  ^czc?.— Irrespective  of  suicidal  or 
criminal  poisoning,  accidents  from  prussic  acid  may  occur— 

1.  From  the  use  of  the  cyanides  in  the  arts. 

2  From  the  somewhat  extensive  distribution  of  the  acid,  or 
rather  of  prussic-acid-producing  substances  in  the  vegetable 
Jsingdom.  ° 

1.  In  the  Arts  —ThQ  galvanic  silvering!  and  gilding  of  metals, 
photography,  the  colouring  of  black  silks,  the  manufacture  of 
Berlin  blue,  the  dyeing  of  woollen  cloth,  and  in  a  few  other 
manufacturing  processes,  the  alkaline  cyanides  are  used,  and 
not  unfrequently  fumes  of  prussic  acid  developed. 

2.  In  the   Vegetable  Kingdom.— A  large  number  of  plants 
contain  amygdalin  or  bodies  formed  on  the  type  of  amygdaUn 
In  the  presence  of  emulsin  (or  similar  principles)  and  water,' 

*  Strength  very  uncertain. 

t  The  preparation  used  for  the  silvering  of  connpr  v^^aaol.,  ,v       i  i.- 
cyanide  of  silver  in  potassic  cyanide  to  wliiVh^ J  °^ 
chalk.     Manipulations  with  thlrflAil  Zst  Zv£^  ^T^^  Vowdeved 
fumes,  which,  in  one  case  related  by  Martt  r^,    ydrocyanic  acid 

1872),  were  powerful  enough  to  prodL^'symp^^^^  P-  ^^S. 

12 
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this  breaks  up  into  prussic  acid  and  other  compounds  an 

interesting  reaction  usually  represented  thus — 

O^oH^^NOj,  +  2H2O  =  ONH  +  0,H,0  +  2G,Il,,0^ 

1  equivalent  of  amygdalin — i.e.,  457  parts — yielding  1  equivalent 
of  ONH  or  27  parts ;  in  other  words,  100  parts  of  amygdalin 
yield  theoretically  5-909  parts  of  prussic  acid,*  so  that,  the 
amount  of  either  being  known,  the  other  can  be  calculated 
from  it. 

The  following  plants,  with  many  others,  all  yield,  by  appro- 
priate treatment,  more  or  less  prussic  acid: — Bitter  almonds, 
{Amygdalus  communis);  the  Arnygdalus  jyersice;  the  cherry 
laurel  (Prunus  laur'ocerasus);  the  kernels  of  the  plum,  (Prunus 
domestica) ;  the  bark,  leaves,  flowers,  and  fruit  of  the  wild 
service-tree  (  Prunus  padus);  the  kernels  of  the  common  cherry 
and  the  apple ;  the  leaves  of  the  Prunus  capricida;  the  bark 
of  the  Pr.  virginiana;  the  flowers  and  kernels  of  the  Pr.  spinosa; 
the  leaves  of  the  Gerasus  acida;  the  bark  and  almost  all  parts 
of  the  Sorbus  ancuparia,  S.  hyhrida  and  S.  torminalis;  the  young 
twigs  of  the  Cratcegus  oxycantha;  the  leaves  and  partly  also  the 
flowers  of  the  shrubby  Spirceacea,  such  as  Spirea  aruncus,  S. 
sorbifolia  and  S.  japonica;\  together  with  the  roots  of  the 
bitter  and  sweet  Cassava. 

In  only  a  few  of  these,  however,  has  the  exact  amount  of 
either  prussic  acid  or  amygdalin  been  determined ;  1  grm.  of 
bitter  almond  pulp  is  about  equal  to  2|  mgrms.  of  anhydrous 
prussic  acid.  The  kernels  from  the  stones  of  the  cherry, 
according  to  Geiseler,  yield  3  per  cent,  of  amygdalin ;  therefore, 
1  grm.  equals  1-7  mgrm.  of  HON. 

§  220.  The  wild  service-tree  {Primus  padus)  and  the  cherry- 
laurel  {Prunus  Lauro  cerasus)  contain,  not  amygdalin  but  a 
compound  amygdalin  with  amygdalic  acid ;  to  this  has  been 
given  the  name  of  lauro-cerasin.  It  was  formerly  known  as 
amorphous  amygdalin;  its  formula  is  04oH5gN024;  933  parts 
are  equivalent  to  27  of  hydric  cyanide— that  is,  100  parts  equal 
2-89. 

In  the  bark  of  the  service-tree,  Lehmann  found  -7  per  cent, 
of  lauro-cerasin  ( =  -02  HON),  and  in  the  leaves  of  the  cherry- 
laurel  1-38  per  cent.  (  =  -039  HON). 

*  According  to  Liebig  and  Wohler,  17  grms.  of  amygdalin  yield  1  of 
prussic  acid  (i.e.,  5-7  per  cent.)  and  8  of  oil  of  bitter  almonds.  34  parts  ot 
amygdalin,  mixed  with  66  of  emulsin  of  almonds,  give  a  fluid  equallmg  tHe 
strength  of  acid  of  most  pharmacopceias,  viz.,  2  per  cent. 

t  The  bark  and  green  parts  of  the  Prunus^  avium,  L.,  Primus-  malialeOy 
L.,  and  herbaceous  Spircece  yield  no  prussic  acid. 
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Francis,*  in  a  recent  researcli  on  the  prussic  acid  in  cassava 
root,  gives  as  the  mean  in  the  sweet  cassava  -0168  per  cent.,  in 
the  bitter  -0275  per  cent.,  the  maximum  in  each  being  respec- 
tively -0238  per  cent.,  and  -0442  per  cent.  The  bitter  fresh 
cassava  root  has  long  been  known  as  a  very  dangerous  poison  ; 
but  the  sweet  has  hitherto  been  considered  harmless,  although  it 
is  evident  that  it  also  contains  a  considerable  quantity  of  prussic 
acid. 

The  kernels  of  the  peach  contain  about  2-85  per  cent, 
amygdalin;  those  of  the  pluin  -96  per  cent.  (  =  -056  HON);  and 
apple  pips  -6  per  cent.  ( =  -035  per  cent.  HdST). 

It  is  of  great  practical  value  to  know,  even  approximately,  the 
quantity  of  prussic  acid  contained  in  various  fruits,  since  it  has 
been  adopted  as  a  defence  in  criminal  cases  that  the  deceased 
was  poisoned  by  prussic  acid  developed  in  substances  eaten. 

§  221.  Statistics. — Poisoning  by  the  cyanides  (prussic  acid  or 
cyanide  of  potash)  occupies  the  second  place  among  poisons  in 
order  of  frequency  in  this  country,  and  accounts  for  about  forty 
deaths  annually. 

According  to  the  statistics  given  on  p.  31,  in  a  thousand 
deaths  from  poisons  of  all  kinds,  two  hundred  and  eighty-nine 
males  and  sixty-seven  females  are  likely  to  die  from  the 
cyanides. 

In  order  to  ascertain  the  proportion  in  which  the  various 
forms  of  commercial  cyanides  cause  death,  and  also  the  propor- 
tion of  accidental,  suicidal,  and  criminal  deaths  from  the  same 
cause,  Falck  collated  twelve  years  of  statistics  from  medical 
literature  with  the  following  result : — 

In  fifty-one  cases  of  cyanide  poisoning,  twenty-nine  were 
caused  by  potassic  cyanide,  nine  by  hydric  cyanide,  five  by  oil 
of  bitter  almonds,  three  by  peach  stones,  (these  three  were 
children,  and  are  classed  as  "domestic,"  that  is,  taking  the 
kernels  as  a  food),  three  by  bitter  almonds,  (one  of  the  three 
suicidal  and  followed  by  death,  the  other  two  "  domestic  ")  one 
by  tartaric  acid  and  potassic  cyanide,  (a  suicidal  case,  an 
apothecary),  and  one  by  ferro-cyanide  of  potassium  and  tartaric 
acid.  Of  the  forty-three  cases  first  mentioned,  twenty-one  were 
suicidal,  seven  criminal,  eight  domestic,  and  seven  medicinal ; 
the  forty-three  patients  were  twenty-four  men,  fourteen  children, 
and  five  women. 

The  cyanides  are  very  rarely  used  for  the  purpose  of 
murder :  a  poison  which  has  a  strong  smell  and  a  perceptible 
taste,  and  which  also  kills  with  a  rapidity  only  equalled  by 

*  On  Prussic  Acid  from  Cassava,  Analyst,  April,  1877,  p.  5. 
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deadly  bullet  or  knife-wounds,  betrays  its  presence  with  too 
many  circumstances  of  a  tragic  character  to  find  favour  in  the 
dark  and  secret  schemes  of  those  who  desire  to  take  life  by 
poison.  In  793  poisoning  cases  of  a  criminal  character  in 
France,  four  only  were  by  the  cyanides. 

Hydric  and  Potassic  Cyanides  were  once  the  favourite  means 
of  self-destruction  employed  by  suicidal  photographers,  chemists, 
scientific  medical  men,  and  others  in  positions  where  such  means 
are  always  at  hand ;  but,  of  late  years,  the  popular  knowledge  of 
poisons  has  increased,  and  self-poisoning  by  the  cyanides  scarcely 
belongs  to  a  particular  class.  A  fair  proportion  of  the  deaths  are 
also  due  to  accident  or  unfortunate  mistakes,  and  a  still  smaller 
number  to  the  immoderate  or  improper  use  of  cyanide-con- 
taining vegetable  products. 

§  222.  Accidental,  and  Criminal  Poisoning  hy  Prussic  Acid. — The 
poison  is  almost  always  taken  by  the  mouth  into  the  stomach, 
but  occasionally  in  other  ways — such,  for  example,  as  in  the  case 
of  the  illustrious  chemist,  Scheele,  who  died  from  inhalation  of 
the  vapour  of  the  acid  which  he  himself  discovered,  owing  to  the 
breaking  of  a  flask.  There  is  also  the  case  related  by  Tardieu, 
in  which  cyanide  of  potassium  was  introduced  under  the  nails ; 
and  that  mentioned  by  Oarriere,*  in  which  a  woman  gave  herself, 
with  suicidal  intent,  an  enema  containing  cyanide  of  potas- 
sium. 

With  regard  to  errors  in  dispensing,  the  most  tragic  case  on 
record  is  that  related  by  Arnold  :t — A  pharmaceutist  had  put  in 
a  mixture  for  a  child  potassic  cyanide  instead  of  potassic  chlorate, 
and  the  child  died  after  the  first  dose :  the  chemist,  however, 
convinced  that  he  had  made  no  mistake,  to  show  the  harmless- 
ness  of  the  preparation,  drank  some  of  it,  and  there  and  then 
died ;  while  Dr.  Arnold  himself,  incautiously  tasting  the  draught, 
fell  insensible,  and  was  unconscious  for  six  hours. 

§  223.  Fatal  Dose. — ISTotwithstanding  the  great  number  of 
persons  who  in  every  civilised  country  fall  victims  to  the 
cyanides,  it  is  yet  somewhat  doubtful  what  is  the  minimum 
dose  likely  to  kill  an  adult  healthy  man.  The  explanation  of 
this  uncertainty  is  to  be  sought  mainly  in  the  varying  strength 
of  commercial  prussic  acid,  which  varies  from  1'5  (Schraeder's) 
to  50  per  cent.  (Robiquet's)— and  also  in  the  varying  condition 
of  the  person  taking  the  poison,  more  especially  whether  the 
stomach  be  full  or  empty.    In  by  far  the  greater  number,  the 

*  "  Empoisonnement  par  le  cyanure  de  potassium,— gu4rison,"  Bullet, 
gdndral  de  Therap.,  IS69.    No.  30.  ^      . ,      .  t,  i.     •  ' 

t  Arnold,  A.B  :  Case  of  Poisoning  by  the  Cyamde  of  Fotassium. 
Amer.  Journal  of  Med.  Scien.,  1869. 
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dose  taken  has  been  much  beyond  that  necessary  to  produce 
death,  but  this  observation  is  true  of  most  poisonings. 

The  dictum  of  Taylor,  that  a  quantity  of  commercial  prussic 
acid,  equivalent  to  1  English  grain  (65  mgrm.)  of  the  anhydrous 
acid,  would  under  ordinary  circumstances  be  sufficient  to  destroy 
adult  life,  has  been  generally  accepted  by  all  toxicologists.  The 
minimum  lethal  dose  of  potassic  cyanide  is  similarly  put  at 
2'41  grains  (-157  grm.)  As  to  bitter  almonds,  if  it  be  considered 
that  as  a  mean  they  contain  2-5  per  cent,  of  amygdalin,  then  it 
would  take  45  grins.,  or  about  80  almonds  to  produce  a  lethal 
dose  for  an  adult;  with  children  less — in  fact,  4-6  bitter 
almonds  are  said  to  have  produced  poisoning  in  a  child. 

§  224.  Action  of  Hydric  and  Potassic  Cyanides  on  Living 
Organisms. — Both  hydric  cyanide  and  potassic  cyanide  are 
poisonous  to  all  living  forms,  vegetable  or  animal,  without 
exception.  The  cold-blooded  animals  take  a  larger  relative  dose 
than  the  warm-blooded,  and  the  mammalia  are  somewhat  more 
sensitive  to  the  poisonous  action  of  these  cyanides  than  birds ; 
but  all  are  destroyed  in  a  very  similar  manner,  and  without  any 
essential  difference  of  action.  The  symptoms  produced  by 
hydric  and  potassic  cyanide  are  identical,  and,  as  regards  general 
symptoms,  what  is  true  as  to  the  one  is  also  true  as  to  the  other. 
There  is,  however,  one  important  difference  in  the  action  of  these 
two  substances,  if  the  mere  local  action  is  considered,  for  potassic 
cyanide  is  very  alkaline,  possessing  even  caustic  properties.  I 
have  seen,  e.g.,  the  gastric  mucous  membrane  of  a  woman,  who 
had  taken  an  excessive  dose  of  potassic  cyanide  on  an  empty 
stomach,  so  inflamed  and  swollen,  that  its  state  was  similar 
to  that  induced  by  a  moderate  quantity  of  solution  of 
potash.  On  the  other  hand,  the  acid  properties  of  hydric 
cyanide  are  very  feeble,  and  it^  effect  on  mucous  membranes  of 
the  skin  in  no  way  resembles  that  of  the  mineral  acids. 

§  225.  Symptoms  observed  in  Animals. — The  main  differences 
between  the  symptoms  induced  in  cold-blooded  and  warm-blooded 
animals,  by  a  fatal  dose  of  hydric  cyanide,  are  as  follows  : — 

The  respiration  in  frogs  is  at  first  somewhat  dyspnoeic,  then 
much  slowed,  and  at  length  it  ceases.  The  heart,  at  first  slowed, 
later  contracts  irregularly,  and  at  length  gradually  ceases! 
-But  all  these  progressive  symptoms  are  without  convulsion 
Among  warm-blooded  animals,  on  the  contrary,  convulsions  are 
constant,  and  the  sequence  of  the  symptoms  appears  to  be— 
dyspnoea,  slowing  of  the  pulse,  giddiness,  falling  down,  then 
convulsions  with  expulsion  of  the  urine  and  fa^ces^  dilatation  of 
£L?^P  '  %?P^*^^l°^f.'  finally  cessation  of  the  pulse  and 
breathing.    The  convulsions  also  frequently  pass  into  general 
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paralysis,  with  loss  of  reflex  movements,  weak,  infrequent 
breathing,  irregular,  quick,  and  very  frequent  pulse,  and  con- 
siderable diminution  of  temperature. 

The  commencement  of  the  symptoms  in  animals  is  extremely 
rapid,  the  rapidity  varying  according  to  the  dose  and  the 
concentration  of  the  acid.  It  was  formerly  thought  that  the 
death  from  a  large  dose  of  the  concentrated  acid  followed  far 
more  quickly  than  could  be  accounted  for  by  the  blood  carrying 
the  poison  to  the  nervous  centres ;  but  Blake  was  among  the 
first  to  point  out  that  this  doubt  was  not  supported  by  facts 
carefully  observed,  since  there  is  always  a  sufficient  interval 
between  the  entry  of  the  poison  into  the  body  and  the  first 
symptoms,  to  support  the  theory  that  the  poison  is  absorbed 
in  the  usual  manner.  Even  when  Preyer  injected  a  cubic 
centimetre  of  60  per  cent,  acid  into  the  jugular  vein  of  a  rabbit, 
29  seconds  elapsed  before  the  symptoms  commenced.  Besides, 
we  have  direct  experiments  showing  that  the  acid — when  applied 
to  wounds  in  limbs,  the  vessels  of  which  are  tied,  while  the  free 
nervous  communication  is  left  open — only  acts  when  the  ligature 
is  removed.  Magendie  describes,  in  his  usual  graphic  manner, 
how  he  killed  a  dog  by  injecting  into  the  jugular  vein  prussic 
acid,  and  "  the  dog  died  instantly,  as  if  struck  hy  a  camion  ball," 
but  it  is  probable  that  the  interval  of  time  was  not  accurately 
noted.  A  few  seconds  pass  very  rapidly,  and  might  be  occupied 
even  by  slowly  pressing  the  piston  of  the  syringe  down,  and  in 
the  absence  of  accurate  measurements,  it  is  surprising  how 
comparatively  long  intervals  of  time  are  unconsciously  shortened 
by  the  mind.  In  any  case,  this  observation  by  Magendie  has 
not  been  confirmed  by  the  accurate  tests  of  the  more  recent 
experimenters;  and  it  is  universally  acknowledged  that,  although 
with  strong  doses  of  hydric  cyanide  injected  into  the  circulation 
— or,  in  other  words,  introduced  into  the  system — in  the  most 
favourable  conditions  for  its  speediest  action,  death  occurs  with 
appalling  suddenness,  yet  that  it  takes  a  time  sufficiently  long 
to  admit  of  explanation  in  the  manner  suggested.  This  has 
forensic  importance,  which  will  be  again  alluded  to.  Experi- 
ments on  animals  show  that  a  large  dose  of  a  dilute  acid  kills 
quite  as  quickly  as  an  equivalent  dose  of  a  stronger  acid,  and  m 
some  cases  it  even  seems  to  act  more  rapidly.  If  the  death  does 
not  take  place  within  a  few  minutes,  life  may  be  prolonged  for 
hours,  and  even,  in  rare  cases,  days,  and  yet  the  result  be  death. 
Coullon  poisoned  a  dog  with  prussic  acid  ;  it  lived  for  nmeteen 
days,  and  then  died ;  but  this  is  quite  an  exceptional  case,  and 
when  the  fatal  issue  is  prolonged  beyond  an  hour,  the  chance  of 
recovery  is  considerable. 
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§  226.  The  length  of  time  dogs  poisoned  by  fatal  doses  sur- 
vive, generally  varies  from  two  to  fifteen  minutes.  When 
the  dose  is  short  of  a  fatal  one,  the  symptoms  are  as  follows  : — 
Evident  giddiness  and  distress ;  the  tongue  is  protruded,  the 
breath  is  taken  in  short,  hurried  gasps,  there  is  salivation, 
and  convulsions  rapidly  set  in,  preceded,  it  may  be,  by  a  cry. 
The  convulsions  pass  into  paralysis  and  insensibility.  After 
remaining  in  this  state  some  time,  the  animal  again  wakes  up, 
as  it  were,  very  often  howls,  and  is  again  convulsed  ;  finally,  it 
sinks  into  a  deep  sleep,  and  wakes  up  well. 

Preyer  noticed  a  striking  difference  in  the  symptoms  after 
section  of  the  vagus  in  animals,  which  varied  according  to  whether 
the  poison  was  administered  by  the  lungs,  or  subcutaneously. 
In  the  first  case,  if  the  dose  is  small,  the  respirations  are 
diminished  in  frequency;  then,  this  is  followed  by  normal 
breathing  ;  if  the  dose  is  larger,  there  is  an  increase  in  the 
frequency  of  the  respirations.  Lastly,  if  a  very  large  quantity 
is  introduced  into  the  lungs,  death  quickly  follows,  with  Respira- 
tions diminished  in  frequency.  On  the  other  hand,  when  the 
poison  is  injected  subcutaneously,  small  doses  have  no  influence 
on  the  breathing ;  but  with  large  doses,  there  is  an  increase  in 
the  frequency  of  the  respirations,  which  sink  again  below  the 
normal  standard. 

§  227.  Symptoms  in  man. — When  a  fatal  but  not  excessive 
dose  of  either  potassic  or  hydric  cyanide  is  taken,  the  sequence 
of  symptoms  is  as  follows : — Salivation,  with  a  feeling  of  con- 
striction in  the  throat,  nausea,  and  occasionally  vomiting.  After 
a  few  minutes  a  peculiar  constricting  pain  in  the  chest  is  felt,  and 
the  breathing  is  distinctly  affected.  Giddiness  and  confusion 
of  sight  rapidly  set  in,  and  the  person  falls  to  the  ground  in 
convulsions  similar  to  those  of  epilepsy.  The  convulsions  are 
either  general,  or  attacking  only  certain  groups  of  muscles; 
there  is  often  true  trismus,  and  the  jaws  are  so  firmly  closed 
that  nothing  will  part  them.  The  respiration  is  peculiar,  the 
inspiration  is  short,  the  expiration  prolonged,*  and  between  the 
two  there  is  a  long  interval  ever  becoming  more  protracted  as 
death  is  imminent.  The  skin  is  pale,  or  blue,  or  greyish-blue  ;  the 
eyes  are  glassy  and  staring,  with  dilated  pupils  ;  the  mouth  is 
covered  with  foam,  and  the  breath  smells  of  the  poison;  the 
pulse,  at  first  quick  and  small,  sinks  in  a  little  while  in  fre- 

*  In  a  case  quoted  by  Seidel  (Ma,3ch.ka,''a  Handbuch,  p.  321),  a  man  thirty- 
six  years  of  age,  four  or  live  minutes  after  swallowing  -15  anhydrous  HCN 
in  spirits,  lay  apparently  lifeless,  without  pulse  or  breathing.  After  a  few 
mmutes  was  noticed  an  extraordinary  deep  expiration,  by  which  the  ribs 
were  drawn  in  almost  to  the  spine,  and  the  chest  made  quite  hollow 
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quency,  and  at  length  cannot  be  felt.  Involuntary  evacuation 
ot  tjeces,  urme,  and  semen  is  often  observed,  and  occasionally 
tHere  has  been  vomiting,  and  a  portion  of  the  vomit  has  been 
aspirated  into  the  air-passages.  Finally,  the  convulsions  pass 
into  paralysis,  abolition  of  reflex  sensibility,  and  gradual  ceasing 
ot  the  respiration.  With  large  doses  these  diff-erent  stages  may 
occur,  but  the  course  is  so  rapid,  that  they  are  merged  the  one 
into  the  other,  and  are  undistinguishable.  The  shortest  time 
between  the  taking  of  the  acid,  and  the  commencement  of  the 
symptoms,  may  be  put  at  about  ten  seconds.  If,  however,  a 
large  amount  of  the  vapour  is  inhaled  at  once,  this  period  may 
be  rather  lessened.  The  interval  of  time  is  so  short,  that  any 
witnesses  generally  unintentionally  exaggerate,  and  aver  that 

the  effects  were  witnessed  before  the  swallowing  of  the  liquid  

"As  the  cup  was  at  his  lips"— "He  had  hardly  drunk  it,"  &c. 
There  is  probably  a  short  interval  of  consciousness,  then  come 
giddiness,  and,  it  may  be,  a  cry  for  assistance ;  and  lastly,  there 
is  a  falling  down  in  convulsions,  and  a  speedy  death.  Convul- 
sions are  not  always  present,  the  victim  occasionally  appears  to 
sink  lifeless  at  once.  Thus,  in  a  case  related  by  Hufeland,  a 
man  was  seen  to  swallow  a  quantity  of  acid,  equivalent  to  forty 
grains  of  the  pure  acid- — that  is,  about  forty  times  more  than 
suflScient  to  kill  him.  He  staggered  a  few  paces,  and  then  fell 
dead,  without  sound  or  convulsion. 

§  228.  The  very  short  interval  that  may  thus  intervene 
between  the  taking  of  a  dose  of  prussic  acid  and  loss  of  con- 
sciousness, may  be  utilised  by  the  sufferer  in  doing  various  acts, 
and  thus  this  interval  becomes  of  immense  medico-legal 
importance.  The  question  is  simply  this  : — What  can  be 
done  by  a  person  in  full  possession  of  his  faculties  in  ten 
seconds '?  I  have  found  from  experiment  that,  after  drinking  a 
liquid  from  a  bottle,  the  bottle  may  be  corked,  the  individual 
can  get  into  bed,  and  arrange  the  bedclothes  in  a  suitable 
manner ;  he  may  also  throw  the  bottle  away,  or  out  of  the 
window ;  and,  indeed,  with  practice,  in  that  short  time  a 
number  of  rapid  and  complicated  acts  may  be  performed.  This 
is  borne  out  both  by  experiments  on  animals  and  by  recorded 
cases. 

In  Mr.  Nunneley's  numerous  experiments  on  dogs,  one  of  the 
animals,  after  taking  poison,  "went  down  three  or  four  steps  of 
the  stairs,  saw  that  the  door  at  the  bottom  was  closed,  and  came 
back  again."  A  second  went  down,  came  up,  and  went  again 
down  the  steps  of  a  long  winding  staircase,  and  a  third  retained 
sufficient  vigour  to  jump  over  another  dog,  and  then  leap  across 
the  top  of  a  staircase. 
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In  a  remarkable  case  related  by  Dr.  Guy,*  in  which  a  young 
man,  after  drinking  more  wine  than  usual,  was  seized  by  a  sudden, 
impulse  to  take  prussic  acid,  and  drank  about  2  drachms, 
producing  symptoms  which,  had  it  not  been  for  prompt  treat- 
ment, would,  in  all  probability,  have  ended  fatally— the  interval 
is  again  noteworthy.  After  taking  the  poison  in  bed,  he  rose, 
walked  round  the  foot  of  a  chest  of  drawers,  standing  within  a. 
few  yards  of  the  bedside,  placed  the  stopper  firmly  in  the  bottle, 
and  then  walked  back  to  bed  with  the  intention  of  getting  into 
it ;  but  here  a  giddiness  seized  him,  and  he  sat  down  on  the 
edge,  and  became  insensible. 

A  case  related  by  Taylor  is  still  stronger.  A  woman,  after 
swallowing  a  fatal  dose  of  essence  of  almonds,  went  to  a  well  in 
the  yard,  drew  water,  and  drank  a  considerable  quantity.  She 
then  ascended  two  flights  of  stairs  and  called  her  child,  again 
descended  a  flight  of  stairs,  fell  on  her  bed,  and  died  within  half 
an  hour  from  the  taking  of  the  poison. 

Nevertheless,  these  cases  and  similar  ones  are  exceptional,  and 
only  show  what  is  possible,  not  what  is  usual,  the  rule  being 
that  after  fatal  doses  no  voluntary  act  of  significance — save,  it 
may  be,  a  cry  for  assistance — is  performed. 

§  229.  Chronic  Poisoning  hy  Hydric  Cyanide  is  said  to  occur 
among  photographers,  gilders,  and  those  who  are  engaged  daily 
in  the  preparation  or  handling  of  either  hydric  or  potassic 
cyanides.  The  symptoms  are  those  of  feeble  poisoning,  headache, 
giddiness,  noises  in  the  ears,  difiicult  respiration,  pain  over  the 
heart,  a  feeling  of  constriction  in  the  throat,  loss  of  appetite, 
nausea,  obstinate  constipation,  full  pulse,  with  pallor  and 
offensive  breath. 

§  230.  Physiological  Action  of  Hydric  Cyanide. — Notwith-  • 
standing  the  many  researches  which  have  been  made  with  a  view 
to  explain  fully  the  action  of  hydric  cyanide,  the  subject  is 
neither  fully  exhausted  nor  elucidated.  The  symptoms  bear  a 
striking  analogy  to  suffocation,  or  death  by  asphyxia,  and  from 
the  changes  which  occur  in  the  blood  (rendering  that  fluid  unfit 
to  carry  oxygen  to  the  different  parts  of  the  system),  it  appears 
probable  that  in  the  first  instance  the  respiratory  nervous  centres 
are  affected,  and  next,  that  those  fine  processes  aptly  termed 
"internal  respiration,"  in  which  takes  place  the  interchange  of 
oxygen  and  carbon  dioxide  between  the  stationary  living  cells  of 
the  tissues  and  the  moving  living  cells  of  the  blood,  are  interfered 
with.  The  respiratory  centre  of  the  medulla  oblongata  being 
paralysed,  convulsions  occur  as  a  natural  sequence,  but  whether 


*  "  Forensic  Medicine,"  4th  Ed.,  p.  615. 
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the  cause  of  this  interference  of  function  is  due  to  hydric  cyanide 
existing  as  such  in  the  blood,  or  whether  it  is  due  to  changes  or 
compounds  which  hydric  cyanide  induces  in  the  blood,  is  a  moot 
question.  Preyer  considers  that  hydric  cyanide  acts  directly  on 
the  vagus  centre,  and  this  is  the  most  probable  theory. 

§  231.  Action  of  Prussic  Acid  on  the  Blood.— Rj&yic  cyanide 
combines  with  the  haemoglobin  of  the  blood,  and  is  slowly 
excreted;  it  also  more  than  any  other  poison  prevents  the 
exchange  of  oxygen.  If  blood  saturated  with  hydrocyanic  acid 
be  treated  in  an  absorption  tube  with  pure  oxygen,  the  gas  is 
not  absorbed,  nor  is  the  colour  of  the  blood  changed ;  if  T^lood 
saturated  with  oxygen  be  confined  over  mercury,  and  a  little 
hydrocyanic  acid  in  solution  be  added,  there  is  a  gradual 
development  of  gas,  which  is  found  to  consist  of  oxygen  and 
carbonic  anhydride. 

Hydric  cyanide  appears  to  form  a  definite  crystalline  com- 
pound with  the  blood ;  and  Hoppe-Seyler  has  observed  crystals 
from  blood  containing  HON,  in  which  the  latter  was  in  such 
powerful  combination,  that  they  crystallised  out  of  warm  water. 
By  distillation  with  an  acid,  prussic  acid  was  obtained.*  Ralpht 
has  described  blue  masses,  like  Berlin  blue,  in  the  blood,  which 
he  considers  characteristic  of  hydrocyanic  acid  poisoning.  Dragen- 
dorff"  has  specially  looked  for  this  appearance,  but  has  failed  to 
find  the  blue  substance. 

According  to  Schbnbein,  the  blood  corpuscles  possess  the  power 
of  decomposing  peroxide  of  hydrogen  into  water  and  oxygen ; 
they  lose  this  property  if  the  blood  contains  hydrocyanic  acid. 
In  the  latter  case,  an  addition  of  peroxide  of  hydrogen  J  produces 
a  brown  colour  with  the  blood,  and  causes  the  spectroscopic 
bands  to  disappear.  As  we  have  stated,  this  brown  colour  is  not 
produced  by  normal  blood.  Normal  blood  again  effervesces 
{owing  to  the  escape  of  oxygen)  when  treated  with  hydric 
peroxide ;  this  does  not  take  place  with  the  cyanised  blood. 
Oasper  speaks  very  favourably  of  these  characteristics  as  con- 
firmatory tests  in  cases  of  suspected  prussic  acid  poisoning.  §  In 
performing  the  test  with  cyanide  of  potash,  the  alkali  decomposes 
hydric  peroxide,  and  it  is  necessary  to  neutralise  with  an  acid.|| 

It  is  not  known  what  becomes  of  hydric  cyanide  after  ingestion, 

*  Virchoid's  Archiv  fw  Path.  Anat,  Bel.  38.,  p.  435. 

t  Journ.  of  Microscop.  Science.    London,  New  Series,  Oct.  24,  1S66. 

X  Peroxide  of  hydrogen  is  an  article  of  commerce ;  should,  however, 
none  be  at  hand,  it  may  be  prepared  by  heating  baryta  in  a  current  of  air, 
when,  by  the  action  of  dilute  HCl  in  the  peroxide  of  barium,  a  solution  of 
H2O2  is  obtained. 

§  Handhuch,  6th  Ed.,  p.  497. 

II  Judell,  Die  Vcrrjiflung  mit  Blausdure.    Erlangen,  1876. 
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but  it  is  without  doubt  in  part  separated  by.  the  lungs  and  skin 
in  the  secretions.  It  has  not  indeed  been  recognised,  but  it  is 
possible  that  it  decomposes  into  ammonia  and  formic  acid. 

§  232.  Post-mortem  Appearances.*— If  we  for  the  moment  leave 
out  of  consideration  any  changes  which  may  be  seen  m  the 
stomach  after  doses  of  potassic  cyanide,  then  it  may  be  affirmed 
that  the  pathological  changes  produced  by  hydric  and  potassic 
cyanides  mainly  coincide  with  those  produced  by  suffocation. 
The  post-mortem  appearances  in  the  corpse  of  an  adult  suffocated 
by  carbon  dioxide  and  one  poisoned  by  hydric  cyanide,  will 
present  no  difference  which  can  be  appreciated  by  the  eye. 
The  lungs  and  righli  heart  are  full  of  blood,  and  there  is  a 
backward  engorgement  produced  by  the  pulmonic  block.  The 
veins  of  the  neck  and  the  vessels  of  the  head  generally  are  full 
of  blood,  and,  in  like  manner,  the  liver  and  kidneys  are  congested. 
In  the  mucous  membrane  of  the  bronchial  tubes  there  is  a  bloody 
foam,  the  lungs  are  gorged,  and  often  cedematous  in  portions ; 
ecchymoses  are  seen  in  the  pleura  and  other  serous  membranes  ; 
and  everywhere,  unless  concealed  by  putrefaction,  or  some  strong- 
smelling  ethereal  oil,  there  is  an  odour  of  hydric  cyanide. 

Casper  has  rightly  recommended  the  head  to  be  opened  and 
examined  first,  so  as  to  detect  the  odour,  if  present,  in  the 
brain.  The  abdominal  and  chest  cavities  usually  possess 
a  putrefactive  smell,  but  the  brain  is  longer  conserved,  so  that 
if  this  course  be  adopted,  there ,  is  a  greater  probability  of. 
detecting  the  odour. 

The  stomach  in  poisoning  by  hydric  cyanide  is  not  inflamed, 
but  if  alcohol  has  been  taken  at  the  same  time,  or  previously, 
there  may  be  more  or  less  redness. 

In  poisoning  by  potassic  cyanide,  the  appearances  are  mainly 
the  same  as  those  just  detailed,  with,  it  may  be,  the  addition  of 
caustic  local  action.  I  have,  however,  seen,  in  the  case  of  a 
gentleman  who  drank  accidentally  a  considerable  dose  of  potassic 
cyanide  just  after  a  full  meal,  not  the  slightest  trace  of  any 
redness,  still  less  of  corrosion.  Here  the  contents  of  the  stomach 
protected  the  mucous  membrane,  or  possibly  the  larger  amount 
of  acid  poured  out  during  digestion  sufficiently  neutralised  the 
alkali.  Potassic  cyanide,  in  very  strong  solution,  may  cause 
erosions  of  the  lips,  and  the  caustic  effect  may  be  traced  in  the 
mouth,  throat,  gullet,  to  the  stomach  and  duodenum  ;  but  this 
is  unusual,  and  the  local  effects  rule,  confined  to  the 

*  Hj'dric  cyanide  has,  according  to  C.  Brame,  a  remarkable  antiseptic 
action,  and  if  administered  in  sufficient  quantity  to  animals,  preserves  them 
after  death  for  a  month.  He  considers  that  there  is  some  more  or  less 
definite  combination  with  the  tissues. 
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Stomach  and  duodenum.    The  mucous  membrane  is  coloured 
blood-red,  reacts  strongly  alkaline,*  is  swollen,  and  it  may  be 
even  ulcerated.    The  upper  layers  of  the  epithelium  are  also  often 
dyed  with  the  colouring-matter  of  the  blood,  which  has  been 
dissolved  out  by  the  cyanide.    This  last  change  is  a  post-mortem 
ettect,  and  can  be  imitated  by  digesting  the  mucous  membrane 
ot  a  healthy  stomach  m  a  solution  of  cyanide.    The  intensity  of 
these  changes  are,  of  course,  entirely  dependent  on  the  dose  and 
emptiness  of  the  stomach.    If  the  dose  is  so  small  as  just  to 
destroy  life,  there  may  be  but  little  redness  or  swelling  of  the 
stomach,  although  empty  at  the  time  of  taking  the  poison.  In 
those  cases  in  which  there  has  been  vomiting,  and  a  part  of  the 
vomit  has  been  drawn  into  the  air-passages,  there  may  be  also 
inflammatory  changes  in  the  larynx.    If  essence  of  almonds  has 
been  swallowed,  the  same  slight  inflammation  may  be  seen, 
which  has  been  observed  with  other  essential  oils,  but  no  erosion', 
no  strong  alkaline  reaction,  nor  anything  approaching  the  effects 
of  the  caustic  cyanide. 

In  poisoning  by  bitter  almonds  no  inflammatory  change  in 
the  mucous  membrane  of  the  coats  of  the  stomach  would  be 
anticipated,  yet  in  one  recorded  case  there  seems  to  have  been 
an  eroded  and  inflamed  patch. 

§  233.  Tests  for  Hydrocyanic  Acid  and  Cyanide  of  Potassium. — 
(1.)  The  addition  of  silver  nitrate  to  a  solution  containing 
prussic  acid,  or  a  soluble  cyanide,!  produces  a  precipitate  of 
argentic  cyanide.  100  parts  of  argentic  cyanide  are  composed  of 
80-60  Ag  and  19-4  ON,  equivalent  to  20-1  HON.  It  is  a  white 
anhydrous  precipitate,  soluble  either  in  ammonia  or  in  a  solution 
of  cyanide  of  potassium,  but  insoluble  in  dilute  nitric  acid  J  and 
water.  Upon  ignition  it  is  decomposed  into  ON  and  metallic 
silver,  mixed  with  a  little  paracyanide  of  silver. 

A  very  neat  process  for  the  identification  of  cyanide  of  silver 

*  The  following  case  came  recently  under  my  own  observation  : — A.  stout 
woman,  35  years  of  age,  the  wife  of  a  French-poUsher,  drank,  in  a  lit  of  rage, 
a  solution  of  cyanide  of  potash.  It  was  estimated  that  about  15  grains  of  the 
solid  substance  were  swallowed.  She  died  within  an  hour.  The  face  was 
flushed,  the  body  not  decomposed ;  the  mouth  smelt  strongly  of  cyanide  ; 
the  stomach  had  about  an  ounce  of  bloody  fluid  in  it,  and  was  in  a  most 
intense  state  of  congestion.  There  was  commencing  fatty  degeneration  of 
the  Uver,  the  kidneys  were  flabby,  and  the  capsule  adherent.  The  contents  of 
the  stomach  showed  cyanide  of  potash,  and  the  blood  was  very  fluid.  The 
woman  was  known  to  be  of  intemperate  habits. 

+  In  the  case  of  testing  in  this  way  for  the  alkaline  cyanides,  the  solution 
must  contain  a  little  free  nitric  acid. 

t  It  is  soluble  in  hot  dilute  nitric  acid,  but  separates  on  cooling.  A 
particle  of  silver  cyanide,  moistened  with  strong  ammonia,  develops 
needles;  silver  chloride  treated  similarly,  octahedral  crystals. — {Bloxam).  _ 
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is  the  following  :— Place  the  perfectly  dry  cyanide  in  a  closed  or 
sealed  tube,  containing  a  few  crystals  of  iodine.  _  On  heating 
slif^htly,  iodide  of  cyanogen  is  sublimed  in  beautiful  needles. 
These  crystals  again  may  be  dissolved  in  a  dilute  solution  of 
potash,  a  little  ferrous  sulphate  added,  and  hydrochloric  acid,  and 
in  this  way  Prussian  blue  produced.  If  the  quantity  to  be  tested 
is  small,  the  vapour  of  the  acid  may  be  evolved  in  a  very  short 
test  tube,  the  mouth  of  which  is  closed  by  the  ordinary  thin  discs 
of  microscopic  glass,  the  under  surface  of  which  is  moistened  with  a 
solution  of  nitrate  of  silver ;  the  resulting  crystals  of  silver  cyanide 
are  very  characteristic,  and  readily  identified  by  the  microscope. 

(2.)  If,  instead  of  silver  nitrate,  the  disc  be  moistened  with  a 
solution  of  sulphate  of  iron  (to  which  has  been  added  a  little 
potash),  and  exposed  to  the  vapour  a  short  time,  and  then  some 
dilute  hydrochloric  acid  added,  the  moistened  surface  first 
becomes  yellow,  then  green,  lastly,  and  permanently,  blue.  No 
other  blue  compound  of  iron  (with  the  exception  of  Prussian 
blue)  is  insoluble  in  dilute  hydrochloric  acid. 

(3.)  A  third,  and  perhaps  the  most  delicate  of  all,  is  the  so- 
called  sulphur  test.  A  yellow  sulphide  of  ammonium,  containing 
free  sulphur,  is  prepared  by  saturating  ammonia  by  SHg,  first  sus- 
pending in  the  fluid  a  little  finely-precipitated  sulphur  (or  an 
old,  ill-preserved  solution  of  sulphide  of  ammonium  may  be  used). 
Two  watch-glasses  are  now  taken ;  in  the  one  the  fluid  containing 
prussic  acid  is  put,  and  the  second  (previously  moistened  with 
the  sulphide  of  ammonium  described)  is  inverted  over  it.  The 
glasses  are  conveniently  placed  for  a  few  minutes  in  the  water- 
oven  ;  the  upper  one  is  then  removed,  the  moist  surface  evapo- 
rated to  dryness  in  the  water-bath,  a  little  water  added,  and 
then  a  small  drop  of  solution  of  chloride  of  iron.  If  hydrocyanic 
acid  is  present,  the  sulphocyanide  of  iron  will  be  formed  of  a 
striking  blood-red  colour. 

(4.)  The  reaction  usually  called  Schonbein's,  or  Pagenstecher 
and  Schonbein's  *  (but  long  known,t  and  used  before  the  publica- 
tion of  their  paper),  consists  of  guaiacum  paper,  moistened  with 
a  very  dilute  solution  of  sulphate  of  copper  (1  :  2,000).  This 
becomes  blue  if  exposed  to  the  vapour  of  hydrocyanic  acid. 
Unfortunately,  the  same  reaction  is  produced  by  ammonia, 
ozone,  nitric  acid,  hypochlorous  acid,  iodine,  bromine,  chromate 
of  potash,  and  other  oxidising  agents,  so  that  its  usefulness  is 
greatly  restricted. 

*  Neues  Repert.  de  Pliarm.,  18,  356. 

t  "This  reaction  (with  tincture  of  guaiacum  and  copper)  has  been  long 
known.    I  remember  a  pharmaceutist,  who  attended  my  father's  laboratory 
showing  me  this  test  in  1828  or  1829,"— Mohr's  "  Toxicologic  "  p  92 
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(5.)  A  very  delicate  test  for  prussic  acid  is  as  follows-— 
About  one-half  centigrm.  of  ammonia,  ferrous  sulphate  (or  other 
pure  ferrous  salt),  and  the  same  quantity  of  uranic  nitrate, 
are  dissolved  m  50  cc.  of  water,  and  1  cc.  of  this  test-liquid  is 
placed  in  a  porcelain  dish.  On  now  adding  a  drop  of  a  liquid 
containing  the  smallest  quantity  of  prussic  acid,  a  grey-purple 
colour,  or  a  distinct  purple  precipitate,  is  produced.  * 

(6.)  A  hot  solution  of  potassic  cyanide,  mixed  with  picric 
acid,  assumes  a  blood-red  colour,  due  to  the  formation  of  picro- 
cyanic  acid.  Free  HON  does  not  give  this  reaction,  and  there- 
fore must  first  be  neutralised  by  an  alkali. 

All  these  tests,  Avhere  there  is  sufiicient  material,  can  be 
directly  applied  either  to  the  solution  of  prussic  acid  itself,  or 
to  that  of  cyanide  of  potash  ;  where  necessary,  neutralising  the 

one  with  an  alkali,  and  acidifying  the  other  with  an  acid  

cyanide  of  potash  readily  yielding  free  prussic  acid. 

§  234.  Separation  of  Hydric  Cyanide  or  Potassic  Cyanide  from 
Organic  Matters,  such  as  the  Contents  of  the  Stomach,  &c.—It  is 
very  necessary,  before  specially  searching  for  hydric  cyanide  in 
the  contents  of  the  stomach,  to  be  able  to  say,  by  careful  and 
methodical  examination,  whether  there  are  or  are  not  any 
fragments  of  bitter  almonds,  of  apples,  peaches,  or  other  sub- 
stance likely  to  produce  hydric  cyanide.  If  potassic  cyanide 
has  been  taken,  simple  distillation  will  always  reveal  its  pre- 
sence, because  it  is  found  partly  decomposed  into  hydric  cyanide 
by  the  action  of  the  gastric  acids.  ISTevertheless,  an  acid  should 
always  be  added,  and  if,  as  in  the  routine  process  given  at  page 
53,  there  is  reasonable  doubt  for  suspecting  that  there  will  be 
no  cyanide  present,  it  will  be  best  to  add  tartaric  acid  (for 
this  organic  acid  will  in  no  way  interfere  with  subsequent 
operations),  and  distil,  as  recommended,  in  a  vacuum.  If, 
however,  from  the  odour  and  from  the  history  of  the  case, 
it  is  pretty  sure  to  be  a  case  of  poisoning  by  hydric  or  potassic 
cyanide,  then  the  substances,  if  fluid,  are  at  once  placed  in  a 
retort  or  flask,  and  acidified  with  a  suitable  quantity  of  sul- 
phuric acid,  or  if  the  tissues  or  other  solid  matters  are  under 
examination,  they  are  finely  divided,  or  pulped,  and  distilled, 
after  acidifying  with  sulphuric  acid  as  before.  It  may  be  well 
here,  as  a  caution,  to  remark  that  the  analyst  must  not  commit 
the  unpardonable  error  of  first  producing  a  cyanide  by  reagents 
acting  on  animal  matters,  and  then  detecting  as  a  poison  the 
cyanide  thus  manufactured.  If,  for  example,  a  healthy  liver  is 
carbonised  by  nitric  acid,  saturated  with  potash,  and  then 

*  M.  Casey  Lea.-~Amer.  Journ.  of  Science  [3],  ix.,  p.  121-123 ;  /.  C.  Society, 
1876,  vol.  i.,  p.  112. 
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burnt  up,  cyanide  of  potash  is  always  one  of  the  products; 
and,  indeed,  the  ashes  of  a  great  variety  of  nitrogenous  organic 
substances  may  contain  cyanides — cyanides  not  pre-existing,  but 
manufactured  by  combination. 

The  old  method  of  distillation  was  to  distil  by  the  gentle 
heat  of  a  water-bath,  receiving  the  distillate  in  a  little  weak 
potash  water,  and  not  prolonging  the  process  beyond  a  few 
hours.  The  experiments  of  SokolofF,  however,  throw  a  grave 
doubt  on  the  suitability  of  this  simple  method  for  quantitative 
results. 

N.  Sokoloff*  recommends  the  animal  substances  to  be  treated 
by  water  strongly  acidified  with  hydric  sulphate,  and  then  to 
be  distilled  in  the  water-bath  for  from  two  to  three  days ;  or  to 
be  distilled  for  twenty-four  hours,  by  the  aid  of  an  oil-bath,  at  a, 
high  temperature.  He  gives  the  following  example  of  quantita- 
tive analysis  by  the  old  process  of  merely  distilling  for  a  few 
hours,  and  by  the  new  : — 

Old  Process. — (1.)  Body  of  a  hound — age,  two  years;  weighty 
5,180  grms. ;  dose  administered,  57  mgrms.  HON;  death  in 
fifteen  minutes.  After  five  days  there  was  found  in  the  saliva. 
0-6  mgrm.,  stomach  3-2  mgrms.,  in  the  rest  of  the  intestines 
2-6  mgrms.,  in  the  muscles  4-1 — total,  10-5. 

(2.)  "Weight  of  body,  4,000  grms. ;  dose  given,  38  mgrms. ; 
death  in  eleven  minutes.  After  fifteen  days,  in  the  saliva  0-8, 
in  the  stomach  7-2,  in  the  rest  of  the  intestines  2-2,  in  the 
muscles  3-2 — total,  13-4. 

New  Process. — Weight  of  body,  5,700  grms. ;  dose,  57  mgrms.  ; 
death  in  twenty-four  minutes.  After  fifteen  days,  in  the 
saliva  1*1  mgrm.,  in  the  stomach  2-6,  in  the  rest  of  the 
intestines  9-6,  in  the  muscles  31-9,  and  in  the  whole,  45-2 
mgrms.    Duration  of  process,  thirteen  hours. 

From  a  second  hound,  weighing  6,800  grms.;  dose,  67  mgrms.; 
25-1  mgrms.  were  separated  three  days  after  death. 

From  a  third  hound,  weighing  5,920  grms.;  dose,  98  mgrms.  ; 
after  forty  days,  by  distillation  on  a  sand-bath,  there  were 
separated  2-8  mgrms.  from  the  saliva,  4-8  from  the  stomach, 
16-8  from  the  intestines,  23-6  from  the  muscles- -total,  48  mgrms. 

It  would  also  appear  that  he  has  separated  51-2  mgrms.  of 
anhydrous  acid  from  the  corpse  of  a  dog  which  had  been  poisoned 
by  57  mgrms.  of  acid,  and  buried  sixty  days.f 

From  another  canine  corpse,  three  days  laid  in  an  oven,  and 

*  Ber.  d.  Deutsch.  Chem.  Oesfllsdi.    Berlin,  ix.,  p.  1023. 
t  Without  wishing  to  discredit  the  statements  of  M.  Sokoloff  we  may 
extraordiV?^*  ^  ^  ^"^^"^  milligrammes  only  appears  rather 
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left  for  twenty-seven  days  at  the  ordinary  temperature,  5-1 
mgrms.  were  recovered  out  of  a  fatal  dose  of  38  mgrms. 

The  estimation  was  in  each  case  performed  by  titrating  the 
distillate  with  argentic  nitrate,  the  sulphur  compounds  having 
been  previously  got  rid  of  by  saturating  the  distillate  with 
KHO,  and  precipitating  by  lead  acetate. 

§  235.  How  long  after  Death  can  Hydric  or  Fotassic  Cyanides 
be  Detected? — Sokoloff*  appears  to  have  separated  prussic  acid 
from  the  body  of  hounds  at  very  long  periods  after  death — in  one 
case  sixty  days ;  Dragendorff  recognised  potassic  cyanide  in  the 
stomach  of  a  hound  after  it  had  been  four  weeks  in  his  labora- 
tory,! and  in  man  eight  days  after  burial.  Oasper  also,  in  his 
211th  case,  states  that  more  than  18  mgrms.  of  anhydrous 
prussic  acid  were  obtained  from  a  corpse  eight  days  after  death,  f 
Dr.  E.  Tillner  §  has  recognised  potassic  cyanide  in  a  corpse  four 
months  after  death.  Lastly,  Struve  put  300  grms.  of  flesh,  400 
of  common  water,  and  2-378  of  KOy  in  a  flask,  and  then  opened 
the  flask  after  547  days.  The  detection  was  easy,  and  the 
estimation  agreed  with  the  amount  placed  there  at  first.  So 
that  even  in  very  advanced  stages  of  putrefaction,  and  at  periods 
after  death  extending  beyond  many  months,  the  detection  of 
prussic  acid  cannot  be  pronounced  impossible. 

§  236.  Estimation  of  Hydrocyanic  Acid  or  Potassic  Cyanide. — 
In  all  cases,  the  readiest  method  of  estimating  prussic  acid 
(whether  it  be  in  the  distillate  from  organic  substances  or  in 
aqueous  solution),  is  to  saturate  it  Avith  soda  or  potash,  and 
titrate  the  alkaline  cyanide  thus  formed  with  nitrate  of  silver. 
The  process  is  based  on  the  fact  that  there  is  first  formed  a 
soluble  compound  (KOy,  AgOy),  which  the  slightest  excess  of 
silver  breaks  up,  and  the  insoluble  cyanide  is  at  once  precipi- 
tated. If  grains  are  used,  17  grain-s  of  nitrate  of  silver  are 
dissolved  in  water,  the  solution  made  up  to  exactly  1000  grain 
measures,  each  grain  measure  equalling  -0054  grain  of  anhydrous 
hydrocyanic  acid.  If  grammes  are  employed,  the  strength  of  the 
nitrate  of  silver  solution  should  be  1"7  grm.  to  the  litre,  each 
cc.  then  =  "0054  hydrocyanic  acid,  or  -01302  grm.  of  potassic 
cyanide. 

Essential  oil  of  bitter  almonds  may  also  be  titrated  in  this 
way,  provided  it  is  diluted  with  sufficient  spirit  to  prevent 
turbidity  from  separation  of  the  essential  oil.    If  hydrocyanic 

*  See  ante,  p.  191. 

+  Dragendorff,  G.,  Beitr.  zur  Oericht.  Chem.,  p.  59. 

t  Casper's  Pract.  Handbuch  der  Oerichtlichcn  Medicin,  p.  561. 

§  Vierteljahr.f.  Gerichtl.  Med.    BerUn,  1881,  p.  193. 

II  Zeitschriftf.  Anal.  Chemie,  von  Fresenius,  1873,  xii.,  p.  4. 
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acid  is  determined  gravimetrically  (which  is  sometimes  con- 
venient, when  only  a  single  estimation  is  to  be  made),  it  is  pre- 
cipitated as  cyanide  of  silver,  the  characters  of  which  have  been 
already  described. 

§  237.  Case  of  Poisoning  by  Bitter  Almonds. — Instances  of  poisoning  by 
■bitter  almonds  are  very  rare.  The  following  interesting  case  is  recorded  by 
Masclika :  — 

A  inaid-servant,  31  years  of  age,  after  a  quarrel  with  her  lover,  ate  a 
quantity  of  bitter  almonds.  In  a  few  minutes  she  sighed,  complained  of 
feeling  unwell  and  faint ;  she  vomited  twice,  and,  after  about  ten  minutes 
more  had  elapsed,  fell  senseless  and  was  convulsed.  An  hour  afterwards,  a 
physician  found  her  insensible,  the  eyes  rolled  upwards,  the  thumb  clenched 
within  the  shut  iists,  and  the  breathing  rattling,  the  pulse  very  slow.  She 
■died  within  an  hour  and  a  half  from  the  first  symptoms. 

The  autopsy  showed  the  organs  generally  healthy,  but  all,  save  the  liver, 
exhaling  a  faint  smell  of  bitter  almonds.  The  right  side  of  the  heart  was 
full  of  fluid  dark  blood,  the  left  was  empty.  Both  lungs  were  rich  in  blood, 
which  smelt  of  prussic  acid.  The  stomach  was  not  inflamed — it  held  250 
grms.  of  a  yellow  fluid,  containing  white  flocks  smelling  of  bitter  almond 
oil.  In  the  most  dependent  portion  of  the  stomach  there  was  a  swollen 
patch  of  mucous  membrane,  partially  denuded  of  epitheUum.  The  mucous 
membrane  of  the  duodenum  was  also  swollen  and  sUghtly  red.  The  contents 
of  the  stomach  were  acid,  and  yielded,  on  distillation,  hydride  of  benzole 
^md  hydric  cyanide.  Residues  of  the  almonds  themselves  were  also  found, 
and  the  whole  quantity  taken  by  the  woman  from  various  data  was  cal- 
culated to  be  1,200  grains  of  bitter  almonds,  equal  to  43  grains  of  amygdaUn, 
or  2  -5  grains  of  pure  hydric  cyanide. 


POISONOUS  CYANIDES  OTHER  THAN  HYDRIC  AND 
POTASSIC  CYANIDES. 

_  §  238.  The  action  of  both  sodic  and  ammonic  cyanides  is  pre- 
cisely similar  to  that  of  potassic  cyanide.  "With  regard  to  ammonic 
cyanide,  there  are  several  experiments  by  Eulenberg,*  showing 
that  its  vapour  is  intensely  poisonous. 

A  weak  stream  of  ammonic  cyanide  vapour  was  passed  into 
glass  shades,  under  which  pigeons  were  confined.  After  a 
minute,  symptoms  of  distress  commenced,  then  followed  con- 
vulsions and  speedy  death.  The  jwst-mortem  signs  were  similar 
to  those  produced  by  prussic  acid,  and  this  substance  was 
separated  from  the  liver  and  lungs. 

§  239.  With  regard  to  the  ^double  cyanides,  all  those  are 
poisonous  from  which  hydric  cyanide  can  be  separated  through 
dilute  acids,  while  those  which,  like  potassic  ferro-cyanide,  do  not 
admit  ot  this  decomposition,  may  be  often  taken  with  impunity 
and  are  only  poisonous  under  certain  conditions.  ' 

*  Gewerie  Hygiene,  p.  385. 
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Sonnenschein  records  the  death  of  a  colourist,  after  he  had 
taken  a  dose  of  potassic  ferro-cyanide  and  then  one  of  tartaric 
acid;  and  Volz  describes  the  death  of  a  man,  who  took  potassic 
lerro-cyanide  and  afterwards  equal  parts  of  nitric  and  hydro- 
chloric acids.  In  this  latter  case,  death  took  place  within  the 
iiour  with  all  the  symptoms  of  poisoning  by  hydric  cyanide ;  so 
tHat  It  IS  not  entirely  true,  as  most  text-books  declare,  that  ferro- 
cyanide  is  m  no  degree  poisonous*  On  the  contrary,  there  are 
certain  conditions  in  which  it  may  kill  speedily. 

Mercwic  Cyanide,  it  has  been  often  said,  acts  precisely  like  mer- 
curic chloride  (corrosive  sublimate),  and  a  poisonous  action  is 
attributed  to  it  not  traceable  to  cyanogen  ;  but  this  is  erroneous 
teaching.  Bernard*  declares  that  it  is  decomposed  by  the 
gastric  juice,  and  hydric  cyanide  set  free ;  while  Pelikan  puts 
it  in  the  same  series  as  ammonic  and  potassic  cyanides.  Lastly, 
Tolmatscheff,t  by  direct  experiment,  has  found  its  action  to' 
resemble  closely  that  of  hydric  cyanide. 

Silver  Cyanide  acts,  according  to  the  experiments  of  Nunneley, 
also  like  hydric  cyanide,  but  very  much  weaker. 

Hydric^  Sulphocyanide  in  very  large  doses  is  poisonous. 

Potassic  Sulphocyanide,  according  to  Dubreuil  and  Legros,^ 
if  subcutaneously  injected,  causes  first  local  paralysis  of  the 
muscles,  and  later,  convulsions. 

Cyanogen  Chloride  (ONOl)  and  also  the  compound  (OgNgOlg) 
— the  one  a  liquid,  boiling  at  15°,  the  other  a  solid,  which  may 
be  obtained  in  crystals — are  both  poisonous,  acting  like  hydric 
cyanide. 

Methyl  Cyanide  is  a  liquid  obtained  by  distillation  of  a  mix- 
ture of  calcic  methyl  sulphate  and  potassic  cyanide.  It  boils 
at  77°,  and  is  intensely  poisonous.  Eulenberg  §  has  made  with 
this  substance  several  experiments  on  pigeons.  An  example  of 
one  will  sufiice : — A  young  pigeon  was  placed  under  a  glass 
shade,  into  which  methyl  cyanide  vapour,  developed  from  calcic 
methyl  sulphate  and  potassic  cyanide,  was  admitted.  The  pigeon 
became  immediately  restless,  and  the  faeces  were  expelled.  In 
forty  seconds  it  was  slightly  convulsed,  and  was  removed  after 
a  few  minutes'  exposure.  The  pupils  were  then  observed  not  to 
be  dilated,  but  the  respiration  had  ceased ;  the  legs  were  feebly 
twitching ;  the  heart  still  beat,  but  irregularly ;  a  turbid  white 
fluid  dropped  out  of  the  beak,  and  after  six  minutes  life  was  extinct. 

*  Substances  Toxiques,  pp.  66-103. 

t  Einige  Bemerhmgen  iiber  die    Wirhing  von  Cyanqueck-Silber,  in 
Hoppe-Seyler's  Med.  Ghem.  Untersuchungen,  2  Heft,  p.  279. 
t  Compt.  Mend.,  t.  64,  1867,  p.  561. 
§  Gewerbe  Hygi&ne,  p.  392. 
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The  pathological  appearances  were  as  follows : — In  the  beak 
much  watery  luid ;  the  membranes  covering  the  brain  weakly- 
injected  ;  the  plexus  venosus  sjnnalis  strongly  injected ;  in  the 
region  of  the  cervical  vertebra  a  small  extravasation  between  the 
dura  mater  and  the  bone ;  the  right  lung  of  a  clear  cherry-red 
colour,  and  the  left  lung  partly  of  the  same  colour,  the  par- 
enchyma presented  the  same  hue  as  the  surface ;  on  section  of 
the  lungs  a  whitish  froth  exuded  from  the  cut  surface.  In  the 
cellular  tissue  of  the  trachea,  there  were  extravasations  5  mm. 
in  diameter ;  the  mucous  membrane  of  the  air-passages  was 
pale ;  the  right  ventricle  and  the  left  auricle  of  the  heart  were 
filled  with  coagulated  and  fluid  dark-red  blood ;  liver  and 
kidneys  normal ;  the  blood  dark-red,  and  very  fluid,  becoming 
bright  cherry-red  on  exposure  to  the  air ;  blood  corpuscles  un- 
changed. Cyanogen  was  separated,  and  identified  from  the 
lungs  and  the  liver. 

Cy anuria  Acid  (OgOglSTgHg),  one  of  the  decomposition-products 
obtained  from  urea,  is  poisonous,  the  symptoms  and  pathological 
effects  closely  resembling  those  due  to  hydric  cyanide.  In  experi- 
ments on  animals,  there  has  been  no  dif&culty  in  detecting 
prussic  acid  in  the  lungs  and  liver  after  poisoning  by  cyanuric 
acid. 

 ^^^t-t'  s   •  S"' 

XII.— PHOSPHORUS. 

§  240.  Phosphorus. — Atomic  weight  31,  specific  gravity  1-77  to 
1-840.  Phosphorus  melts  at  from  44-4°  to  44-5°  to  a  pale  yellow 
oily  fluid.    The  boiling  point  is  about  290°. 

The  phosphorus  of  commerce  is  usually  preserved  under  water 
in  the  form  of  waxy,  semi-transparent  sticks ;  if  exposed  to  the 
air  white  fumes  are  given  off",  luminous  in  the  dark,  with  a 
peculiar  onion-like  odour.  On  heating  phosphorus  it  readily 
inflames,  burning  with  a  very  white  flame. 

At  0°  phosphorus  is  brittle ;  the  same  quality  may  be 
imparted  to  it  by  a  mere  trace  of  sulphur.  Phosphorus  may  be 
obtained  in  dodecahedral  crystals  by  slowly  cooling  lar^e  melted 
masses.  It  may  also  be  obtained  crystalline  by  evaporating  a 
solution  in  bisulphide  of  carbon,  or  hot  naphtha  in  a  current'^of 
carbon  dioxide.  It  is  usually  stated  to  be  absolutely  insoluble 
m  water,  but  Julius  Hartmann*  contests  this,  having  found  in 

*  Zur  acuten  Phosphor-Vergiftung.   Dorpat,  1866. 
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some  experiments,  that  100  grms.  of  water  digested  with 
phosphorus  for  64  hours  at  38-5°  dissolved  -000227  grm.  He 
also  investigated  the  solvent  action  of  bile,  and  found  that  100 
grms.  of  bile  under  the  same  conditions,  dissolved  -02424  grm., 
and  that  the  solubility  of  phosphorus  rose  both  in  water  and  bile 
when  the  temperature  was  increased.  Phosphorus  is  somewhat 
soluble  in  alcohol  and  ether,  and  also,  to  some  extent,  in  fatty 
and  ethereal  oils ;  but  the  best  solvent  is  carbon  disulphide. 

The  following  is  the  order  of  solubility  in  certain  menstrua, 
the  figures  representing  the  number  of  parts  by  weight  of  the 
solvent  required  to  dissolve  one  part  of  phosphorus  : — 

Carbon  Disulphide,   4. 

Almond  Oil,         .......  IQO 

Concentrated  Acetic  Acid,*  lOO 

Ether,          ........  250 

Alcohol,  Specific  Gravity  •8-22,     ....  400 

Glycerine,    533 

Phosphorus  exists  in,  or  can  be  converted  into,  several 
allotropic  modifications,  of  which  the  red  or  amorphous  phosphorus 
is  the  most  important.  This  is  eflected  by  heating  it  for  some 
time,  in  the  absence  of  air,  from  230°  to  235°.  It  is  not  poison- 
ous.t  Commercial  red  phosphorus  does,  however,  contain  very 
small  quantities  of  unchanged  or  ordinary  phosphorus — according 
to  Fresenius,  from  -6  per  cent,  downwards;  it  also  contains 
phosphorus  acid,  and  about  4-6  per  cent,  of  other  impurities, 
among  which  is  graphite.  J 

§  241.  Phosphuretted  Hijdrogen. — PhosjMne  (PHg),  mol.  weight 
34,  specific  gravity  1-178,  percentage  composition,  phosphorus 
91-43,  hydrogen  8-57  by  weight.  The  absolutely  pure  gas  is 
not  spontaneously  inflammable,  but  that  made  by  the  ordinary 
process  is  so.  It  is  a  colourless,  highly  poisonous  gas,  which 
does  not  support  combustion,  but  is  itself  combustible,  burning 
to  phosphoric  acid  (PHg  +  2O2  =  PO^Hg).  Extremely  dangerous 
explosive  mixtures  may  be  made  by  combining  phosphine  and  air 
or  oxygen.  Phosphine,  when  quite  dry,  burns  with  a  white 
flame,  but  if  mixed  with  aqueous  vapour,  it  is  green ;  hence  a 
hydrogen  flame  containing  a  mixture  of  PH3  possesses  a  green 
colour. 

*  PhospLorus  is  very  little  soluWe  in  cold  acetic  acid,  and  the  solubility 
given  is  only  correct  when  the  boiling  acid  acts  for  some  time  on  the 
phosphorus. 

t  A  hound  took  200  grms.  of  red  phosphorus  in  twelve  days,  and 
remained  healthy.  — Sonnenschein. 
X  SchrOtter:  Chem.  News,  vol.  xxxvi.,  p.  19S. 
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If  sulphur  is  heated  in  a  stream  of  phosphine,  hydric  sulphide 
and  sulphur  phosphide  are  the  products.  Oxides  of  the  metals, 
heated  with  phosphine,  yield  phosphides  with  formation  of 
water.  Iodine,  warmed  in  phosphine,  gives  white  crystals  of 
iodine  phosphonium,  and  biniodide  of  phosphorus,  5I  +  4PH3  = 
3PIH  +  PIo-  Chlorine  inflames  the  gas,  the  final  result  being 
hydric  chloride  and  chloride  of  phosphorus,  PH3  +  8C1  =  301H 
+  PCI  .  One  of  the  most  important  decompositions  for  our 
purpose  is  the  action  of  phosphine  on  a  solution  of  nitrate  of  silver; 
there  is  a  separation  of  metallic  silver,  and  nitric  and  phosphoric 
acids  are  found  in  solution,  thus,  8AgN03  +  PH3  + 40H2  =  8Ag 
+  8HNO3  +  PO4H3.  The  excess  of  silver  can  be  separated  by 
hydric  chloride,  and  the  phosphoric  acid  made  evident  by  the 
addition  of  molybdic  acid  in  excess — a  test  which  is  one  of  the 
best  we  have  for  phosphine,  and  hence  for  phosphorus. 

§  242.  The  Medicinal  Preparations  of  Phosphorus  are  not 
numerous;  it  is  usually  prescribed  in  the  form  of  pills,  often 
made  by  manufacturers  of  coated  pills  on  a  large  scale.  Besides 
pills,  there  is  a  j^hos-phorated  oil;  that  of  the  French  pharma- 
copoeia is  made  with  1  part  of  dried  phosphorus  dissolved  in  50 
parts  of  warm  almond  oil ;  that  of  the  German  has  1  part  in  80 ; 
the  strength  of  the  former  is  therefore  2  per  cent.,  of  the  latter 
1-25  per  cent. 

§  243.  Matches  and  Vermin  Pastes. — An  acquaintance  with  the 
percentage  of  phosphorus  in  the  different  pastes  and  matches 
of  commerce  will  be  found  useful.  Most  of  the  vermin-destroy- 
ing pastes  contain  from  1  to  2  per  cent,  of  phosphorus. 

A  phosphorus  paste  that  was  fatal  to  a  child,*  and  gave  rise 
to  serious  symptoms  in  others,  was  composed  as  follows : — 


Per  cent. 

Phosphorus,  .       .  1'4 

Flowers  of  Sulphur,  42-2 

Flour,  42-2 

Sugar,  14-2 


100-00 

Three  common  receipts  give  the  following  proportions  : — 

Per  cent. 

Phosphorus,  1'5 

Lard,  •    ,  .18-4 

Sugar,  18*4 

Flour,  61-7 


100-0 

*  Casper's  204th  case. 


198 


POISONS  :   THEIR  EFFECTS  AND  DETECTION.         [§  243. 


Phosphorus,   j,2 

Warm  Water,  .  .  .'  '  "  '  '  26'7 
Rye  Flour,  or-'j 
Melted  Butter,  26-7 

Sugar,  ;  ;      ;  18-7 


100-00 


Per  cent. 

Phosphorus,  ....  -i.c 
Nut  Oil,  15-7 
Warm  Water,       ...  "31-5 

I'lo"'-'  31-5 

Sugar,  19-7 


100  00 


A  very  common  phosphorus  paste,  to  be  bought  everywhere  in 
England,  is  sold  in  little  pots ;  the  whole  amount  of  phosphorus 
contained  in  these,  varies  from  -324  to  -388  grm.  (5  to  6  grns.), 
the  active  constituent  being  a  little  over  4  per  cent.  Matches 
differ  much  in  composition.  Six  match-heads,  which  had  been 
placed  in  an  apple  for  criminal  purposes,  and  were  submitted  to 
Tardieu,  were  found  to  contain  20  mgrms.  of  phosphorus,  i.e., 
•33  grm.  in  100.  Mayet  found  in  a  hundred  matches  55  mgrms. 
of  phosphorus.  Gonning*  analysed  ten  different  kinds  of  phos- 
phorus matches  with  the  following  result: — Three  English 
samples  contained  in  100  matches  34,  33,  and  32  mgrms.  of 
phosphorus ;  a  Belgian  sample,  38  mgrms. ;  and  five  others  of 
unknown  origin,  12,  17,  28,  32,  and  41  mgrms.  respectively. 
Some'  of  the  published  formularies  are  as  follows  : — 


(1.)  Glue, 

6  parts. 

Phosphorus, 

•       4  „ 

or  14  "4  per  cent. 

Nitre, 

.     10  „ 

Red  Ochre, 

.       5  „ 

Blue  Smalts, 

.       2  „ 

(2.)  Phosphorus, 

9  parts. 

or  16  "3  per  cent. 

Gum, 

.     16  „ 

Nitre, 

.     14  „ 

Smalts, 

.     IG  „ 

(3.)  Phosphorus, 

4  parts, 

.or  14*4  per  cent. 

Glue, 

.       6  „ 

Nitre, 

.     10  „ 

Red  Lead,  . 

.       5  „ 

Smalts, 

.       2  „ 

*  Nederlandsch  Tijdschr.  voor  GeneesL    Afol.  i.,  ISCC. 
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(4)  Phosphorus,  .  .  17  parts,  or  17  per  cent. 

Glue,.       .  .  .  21  „ 

Nitre,       .  .  .  38  ,, 

Red  Lead,  .  .  .  24  ,, 

Phosphorus-poisoning  by  matches  will,  however,  shortly  become 
very  rare,  for  those  containing  the  ordinary  variety  of  phos- 
phorus are  gradually  being  superseded  by  matches  of  excellent 
quality,  which  contain  no  phosphorus  whatever. 

§  244.  Statistics. — According  to  the  E-egistrar-Qreneral's  mor- 
tality returns  for  the  five  years,  1876-1880,  phosphorus  occupies 
the  eleventh  place  in  the  order  of  frequency  among  deaths  from 
all  poisons.  In  those  five  years  it  caused  the  death  of  17 
males  and  29  females,  total  46 — a  number  perhaps  equal  to 
about  60  cases.  The  total  deaths  in  the  same  period  from 
all  poisons  (omitting  those  from  poisonous  fungi,  putrid  shell- 
fish, and  the  like)  were  1,581.  It  follows,  that  deaths  from 
phosphorus-poisoning  accounted  for  29  per  thousand  of  deaths 
from  poisoning  by  all  causes.  The  ages  of  the  46  persons 
whose  deaths  are  recorded  fell  into  the  following  groups : — 


Ages — Years. 

-5 

5- 

10- 

15- 

20- 

25- 

35- 

45- 

55- 

65- 

Total. 

Deaths  from  j 

Phosphorus  [ 

24 

o 

1 

4 

1 

7 

1 

4 

1 

1 

46 

Poisoning.  ) 

Therefore,  27  (or  rather  more  than  half)  were  children,  and 
19  were  adults.  Fourteen  out  of  the  19  adults  took  phosphorus 
for  the  purpose  of  suicide,  all  the  other  cases  were  due  either  to 
accident  or  negligence. 

A  far  greater  number  of  cases  of  poisoning  by  phosphorus 
occur  yearly  in  France  and  Germany  than  in  England.  Phos- 
phorus may  be  considered  as  the  favourite  poison,  which  the 
common  people  on  the  Continent  employ  for  the  purpose  of 
self-destruction.  It  is  an  agent  within  the  reach  of  any  one 
who  has  two  sous  in  his  pocket,  wherewith  to  buy  a  box  of' 
matches;  but  to  the  educated,  and  to  those  who  know  the 
horrible  and  prolonged  torture  ensuing  from  a  toxic  dose 
oi  phosphorus,  such  a  means  of  exit  from  life  will  never  be 
lavoured. 
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Otto  Schraube  *  has  collected  92  cases  from  Meischner's  work,t 
and  added  16  which  had  come  under  his  own  observation,  givino- 
in  all  108  cases.  Seventy-one  (or  65  per  cent.)  of  these  were 
suicidal— of  the  suicides  24  were  males,  47  females  (12  of  the 
latter  being  prostitutes) ;  21  of  the  cases  were  those  of  murder, 
11  were  accidental,  and  in  3  the  cause  was  not  ascertained. 
The  number  of  cases  in  successive  years,  and  the  kind  of  poison 
used,  is  given  as  follows  : — 

Number  of  Cases..  In  the  Years. 

15  .  .  .  1798-1850 
36  .  .  .  1850-1860 
41  .  .  .  1860-1864 

16  .  .  .  1864-1867 

Of  the  108  cases,  18  persons  recovered  and  90  (or  83-3  per 
cent.)  died. 

Falck  also  has  collected  76  cases  of  poisoning  from  various 
sources  during  the  last  eleven  years ;  55  were  suicidal,  5  homi- 
cidalj  (murders),  and  the  rest  accidental.  Of  the  latter,  2  were 
caused  by  the  use  of  phosphorus  as  a  medicine,  13  by  accidents 
due  to  phosphorus  being  in  the  house  ;  in  1  case  phosphorus 
was  taken  intentionally  to  try  the  effect  of  an  antidote.  §  "With 
regard  to  the  form  in  which  the  poison  was  taken,  2  of  the  76, 
as  already  mentioned,  took  it  as  prescribed  by  physicians, 
the  remaining  74  were  divided  between  poisonings  by  phos- 
phorus paste  (22)  and  matches  (52)  =  70  per  cent.  Of  the  76 
cases,  6  were  children,  43  adult  males,  13  adult  females,  and  14 
adults,  sex  not  given.  Of  the  76  cases,  42  or  5  5 -3  per  cent, 
died — a  much  smaller  rate  of  mortality  than  that  shown  by 
Schraube's  collection. 

§  245.  Fatal  Dose. — The  smallest  fatal  dose  on  record  is  that 
mentioned  by  Lobenstein  Lobel,  of  Jena,  where  a  lunatic  died 
from  taking  7*5  mgrm.  ('116  grain).  There  are  other  cases 
clearly  indicating  that  this  small  quantity  may  produce  dangerous 
symptoms  in  a  healthy  adult. 

§  246.  Effects  of  Phosphorus. — Phosphorus  is  excessively  poison- 

♦  Schmidt's  JahrMicher  der  Ger.  Med.,  1867.    Bd.  186,  S.  209-248. 

f  Die  acute  Phosphorose  und  einige  Heflexionen  uber  die  acute  gelhe  Leber-  ^ 
atrophic,  <f;c.,  Inaug.  Diss.    Leipzig,  1864. 

t  Dr.  Dannenberg  has  shown  by  direct  experiment  that  a  poisonous  dose 
of  phosphorus  may  be  introduced  into  s])irits  or  coffee,  and  the  mixture  have 
but  little  odour  or  taste  of  phosphorus.  —  Schuchardt  in  Maschka  s 
Handbuch.  . 

§  Gery,  "  Ueber  Terpentinessenz  als  Gegenmettel  gegen  Phosphor,''  in  Oaz, 
Hebd.  de  Med.,  2  Ser.,  x.,  2,  1873. 


ji-nospnorus  in  t>,  , 

Substance  Phosphonis 

or  as  Paste.  Matches. 

13  2 

15  21 
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ous  and  will  destroy  life,  provided  only  that  it  enters  the  body 
in  a  fine  state  of  division,  but  if  taken  in  coarse  pieces  no 
symptoms  may  follow,  for  it  has  been  proved  that  single  lumps 
of  phosphorus  will  go  the  whole  length  of  a  dog's  intestinal  canal 
without  causing  appreciable  loss  of  weight,  and  without  destroy- 
inc'  life.*  Magendie  injected  oleum  2^hosphoratuvi  into  the  veins, 
and  although  the  animals  experimented  on  exhaled  white  fumes, 
and  not  a  few  died  asphyxiated,  yet  no  symptoms  of  phosphorus 
poisoning  resulted— an  observation  confirmed  by  others— the 
reason  being  that  the  phosphorus  particles  in  a  comparatively 
coarse  state  of  division  were  arrested  in  the  capillaries  of  the 
lung,  and  may  be  said  to  have  been,  as  it  were,  outside  the  body. 
On  the  other  hand,  A.  Brunner,t  working  in  L.  Hermann's 
laboratory,  having  injected  into  the  veins  phosphorus  in  such  a 
fine  emulsion  that  the  phosphorus  could  pass  the  lung  capillaries, 
found  that  there  were  no  exhalations  of  white  fumes,  but  that 
the  ordinary  symptoms  of  phosphorus  poisoning  soon  manifested 
themselves.  Phosphorus  paste,  by  the  method  of  manufacture,  is 
in  a  state  of  extreme  sub-division,  and  hence  all  the  phosphorus 
pastes  are  extremely  poisonous. 

§  247.  In  a  few  poisons  there  is  a  diiference,  more  or  less 
marked,  between  the  general  symptoms  produced  on  man,  and 
those  noticeable  in  the  difierent  classes  of  animals  ;  but  with 
phosphorus,  the  effects  on  animals  appear  to  agree  fairly  with 
those  witnessed  most  frequently  in  man.  Tardieu  (who  has 
written  perhaps  the  best  and  most  complete  clinical  record  of 
phosphorus  poisoning  extant)  divides  the  cases  under  three 
classes,  and  to  use  his  own  words:  "I  think  it  useful  to  establish 
that  poisoning  by  phosphorus  in  its  course,  sometimes  rapid,  some- 
times slow,  exhibits  in  its  symptoms  three  distinct  forms — a 
common  form,  a  nervous  form,  and  a  hsemorrhagic  form.  I 
recognise  that,  in  certain  cases,  these  three  forms  may  succeed 
each  other,  and  may  only  constitute  periods  of  poisoning,  but  it 
is  incontestable  that  each  of  them  may  show  itself  alone,  and 
occupy  the  whole  course  of  the  illness  produced  by  the  poison. "J 
Premising  that  the  common  form  is  a  blending  of  irritant, 
nervous,  and  hagmorrhagic  symptoms,  I  adopt  here  in  part 
Tardieu's  division.  The  name  of  "  hsemorrhagic  form  "  may  be 
given  to  that  in  which  haemorrhage  is  the  predominant  feature, 
and  the  "  nervous  "  to  that  in  which  the  brain  and  spinal  cord 
are  from  the  first  affected.    There  yet  remain,  however,  a  few 

*  Reveil,  Ann.  d' Hygiene  Pull.  (3),  xii.,  p.  370. 
+  Arch.  /,  d.  Ges.  Physiologic,  iii.,  p.  1. 

X  J^tude  Midko-Legak  ct  C'linique  sur  V Empoisonnement.    Paris,  1875, 
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cases  which  have  an  entirely  anomalous  course,  and  do  not  faU 
under  any  of  the  three  classes. 

From  a  study  of  121  recorded  cases  of  phosphorus  poisoning, 
I  believe  the  relative  frequency  of  the  different  forms  to  be  £ 
loilows  :-The  common  form  83  per  cent.,  hsemorrhagic  10  per 
cent.,  nervous  6  per  cent.,  anomalous  1  per  cent.  The  "anomalous" 
are  probably  over-estimated,  for  the  reason  that  cases  presenting 
ordinary  features  are  not  necessarily  published,  but  others  are 
nearly  always  chronicled  in  detail. 

§  248.  ^7ommo?^  Form.~Kt  the  moment  of  swallowing,  a 
disagreeable  taste  and  smell  are  generally  experienced,  and  there 
may  be  immediate  and  intense  pain  in  the  throat,  gullet,  and 
stomach,  and  almost  immediate  retching  and  vomiting.  The 
throat  and  tongue  also  may  become  swollen  and  painful ;  but  in  a 
considerable  number  of  cases  the  symptoms  are  not  at  once 
apparent,  but  are  delayed  from  one  to  six  hours— rarely  longer. 
The  person's  breath  may  be  phosphorescent  before  he  feels  in  any 
way  affected,  and  he  may  go  about  his  business  and  perform  a 
number  of  acts  requiring  both  time  and  mental  integrity.  Pain 
in  the  stomach  (which,  in  some  of  the  cases,  takes  the  form  of 
violent  cramp  and  vomiting)  succeeds  ;  the  matters  vomited  may 
shine  in  the  dark,  and  are  often  tinged  with  blood.  Diarrhcea  is 
sometimes  present,  sometimes  absent;  sleeplessness  for  the 
first  night  or  two  is  very  common.  The  pulse  is  variable, 
sometimes  frequent,  sometimes  slow;  the  temperature  in  the 
morning  is  usually  from  36-0°  to  36-5°,  in  the  evening  37°  to  38°. 

The  next  symptom  is  jaundice.    I  have  notes  of  the  exact 
occurrence  of  jaundice  in  23  cases,  as  follows : — In  1  within 
twenty-four  hours,  in  3  within  thirty-six  hours,  in  3  within  two 
days,  in  11  within  three  days,  in  1  within  four  days,  in  1  within 
five  days,  in  1  within  nine  days,  in  1  within  eighteen  days,  and 
in  1  within  twenty-seven  days ;  so  that  in  about  78  per  cent, 
jaundice  occurred  before  the  end  of  the  third  day.    Out  of 
26  cases,  in  which   the  patients  lived  long  enough  for  the 
occurrence  of  jaundice,  in  3  (or  11  per  cent.)  it  was  entirely 
absent.    In   132  cases  recorded   by  Lewin,   Meischner,  and 
Heisler,  jaundice  occurred  in  65,  or  about  49  per  cent.,  but  it 
must  be  remembered,  that  in  many  of  these  cases  the  individual 
died   before  it   had  time   to  develop.    The  jaundice  having 
thoroughly  pronounced  itself,  the  system  may  be  considered  as  ' 
not  only  under  the  influence  of  the  toxic  action  of  phosphorus, 
but  as  suffering  in  addition  from  all  the  accidents  incidental  to 
the  retention  of  the  biliary  secretion  in  the  blood ;  nor  is  there 
from   this   point  any  special  difference  between  phosphorus 
poisoning  and  certain  affections  of  the  liver — such,  for  example, 


§  219,  250.] 


PHOSPHOEUS. 


203 


as  acute  yellow  atrophy.  There  is  retention  of  urine,  sleepless- 
ness, headache,  frequent  vomiting,  painful  and  often  involuntary 
evacuations  from  the  bowels,  and  occasionally  skin  affections, 
such  as  urticaria  or  erythema.  The  case  terminates  either  by 
acute  delirium  with  fever,  followed  by  fatal  coma,  or,  in  a  few 
instances,  coma  comes  on,  and  the  patient  passes  to  death  in 
sleep  without  delirium.  In  this  common  form  there  is  in  a  few 
cases,  at  the  end  of  from  twenty-four  to  thirty  hours,  a  remission 
of  the  symptoms,  and  a  non-medical  observer  might  imagine  that 
the  patient  was  about  to  recover  without  further  discomfort ;  but 
then  jaundice  supervenes,  and  the  course  is  as  described. 
Infants  often  do  not  live  long  enough  for  the  jaundiced  stage  to 
develop,  but  die  within  twenty-four  hours,  the  chief  symptoms 
being  vomiting  and  convulsions. 

§  249.  Heemorrhagic  Form. — The  symptoms  set  in  as  just 
detailed,  and  jaundice  appears,  but  accompanied  by  a  new 
and  terrible  train  of  events— viz.,  great  effusion  of  blood.  In  some 
cases  the  blood  has  been  poured  out  simultaneously  from  the 
nose,  mouth,  bladder,  kidneys,  and  bowels.  Among  women  there 
is  excessive  hsemorrhagia.  The  liver  is  found  to  be  swollen  and 
painful ;  the  bodily  weakness  is  great.  Such  cases  are  usually  of 
long  duration,  and  a  person  may  die  months  after  taking  the 
poison  from  weakness,  anfemia,  and  general  cachexia.  In  many 
of  its  phases  the  hsemorrhagic  form  resembles  scurvy,  and  as  in 
scurvy  there  are  spots  of  purpura  all  over  the  body. 

§  250.  The  Nervous  Form  is  less  common  than  the  two  forms 
just  described.  From  the  beginning,  there  are  strange  creeping 
sensations  about  the  limbs,  followed  by  painful  cramps,  repeated 
faintings,  and  great  somnolence.  Jaundice,  as  usual,  sets  in, 
erythematous  spots  appear  on  the  skin,  and,  about  the  fifth  day, 
delirium  of  an  acute  character  breaks  out,  and  lock-jaw  and 
convulsions  close  the  scene. 

The_  following  are  one  or  two  brief  abstracts  of  anomalous 
cases  in  which  symptoms  are  either  wanting,  or  run  a  course 
entirely  different  from  any  of  the  three  forms  described  : — 

A  woman,  aged  twenty,  took  about  3  grains  of  phosphorus  in 
the  form  of  rat-paste.  She  took  the  poison  at  six  in  the  evening, 
behaved  according  to  her  wont,  and  sat  down  and  wrote  a  letter  to 
the  king.  During  the  night  she  vomited  once,  and  died  the  next 
morning  at  six  o'clock,  exactly  twelve  hours  after  taking  the 
poison.  There  appear  to  have  been  no  symptoms  whatever,,  save 
the  single  vomiting,  to  which  may  be  added  that  in  the  course 
of  the  evening  her  breath  had  a  phosphorus  odour  and  was 
luminous.* 

*  Casper's  205tli  case. 
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A  girl  swallowed  a  quantity  of  phosphorus  paste,  but  there 
were  no  marked  symptoms  until  the  fifth  day,  on  which  there 
was  sickness  and  purging.  She  died  on  the  seventh  day.  A 
remarkable  blueness  of  the  finger  nails  was  observed  a  little 
before  death,  and  was  noticeable  afterwards.* 

§  251.  8equelm. — In  several  cases  in  which  the  patients  have 
recovered  from  phosphorus  poisoning,  there  have  been  observed 
paralytic  afiections.f  O.  Bollinger  has  recorded  a  case  in  which 
paralysis  of  the  foot  followed  ;  J  in  another,  published  by  Bettel- 
heim,§  there  were  peculiar  cerebral  and  spinal  symptoms.  Most 
of  these  cases  are  to  be  explained  as  disturbance  or  loss  of 
function  from  small  h£emorrhages  in  the  nervous  substance. 

§  252.  Period  at  which  the  first  Eym-ptoms  commence. — The  time 
when  the  symptoms  commence  is  occasionally  of  importance 
from  a  forensic  point  of  vieAv.  I  find  that  out  of  28  cases 
in  which  the  commencement  of  evident  symptoms — i.e.,  pain, 
or  vomiting,  or  illness — is  precisely  recorded,  in  8  the  symptoms 
were  described  as  either  immediate  or  within  a  few  minutes  after 
swallowing  the  poison;  in  6  the  symptoms  commenced  within 
the  hour ;  in  3  within  two  hours ;  in  other  3  within  four 
hours ;  and  in  1  within  six  hours.  One  was  delayed  until 
the  lapse  of  twelve  hours,  1  from  sixteen  to  eighteen  hours, 
1  two,  and  another  five  days.  We  may,  therefore,  expect  that 
in  half  the  cases  which  may  occur,  the  symptoms  will  commence 
Avithin  the  hour,  and  more  than  80  per  cent,  within  six  hours. 

§  253.  Period  of  Death. — In  129  cases  death  took  place  as 
follows: — In  17  within  twenty-four  hours,  in  30  within  two 
days,  in  103  within  seven  days.  Three  patients  lived  eight 
days,  6  nine  days,  13  ten  days,  1  eleven  days,  1  sixteen  days, 
1  seventeen  days,  and  1  sur^dved  eight  months.'  It  hence 
follows  that  79 '8  per  cent,  of  the  fatal  cases  die  within  the  week. 

§  254.  Phosiihorus  Vapour. — There  are  one  or  two  cases  on 
record  of  acute  poisoning  by  phosphorus  in  the  form  of  vapour. 
The  symptoms  are  somewhat  different  from  the  effects  produced 
by  the  finely-divided  solid,  and  in  general  terms  it  may  be  said 
that  phosphorus  vapour  is  more  apt  to  produce  the  rarer 
"  nervous  "  form  of  poisoning  than  the  solid  phosphorus. 

Bouchardaty  mentions  the  case  of  a  druggist  who,  Avhile 
preparing  a  large  quantity  of  rat-poison  in  a  close  room,  inlialed 

*  Taylor  on  "Poisons,"  p.  277. 

+  See  Gallavardin,  Les  Paralyses  Fhosphoriques.    Paris,  1865. 
+  Deuisches  Archiv  f.  Klin.  Med.,  Bd.  6,  Hft.  1,  S.  94,  1869. 
§  Wiener  Med.  Presse,  1868,  No.  41. 

II  Annuaire  de  Thdrap.,  1874,  p.  109.  ScMicliardfc  in  Maschkas  Hand- 
bach;  also  Schmidt's  Jahrbuch,  1846,  Bd.  51,  S.  101. 
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pliosphorus  vapour.    He  fainted  repeatedly,  fell  into  a  complete 
state  of  prostration,  and  died  within  a  week. 

The  following  interesting  case  came  under  the  observation  ot 
Professor  Magnus  Huss  :— A  man,  thirty-nine  years  old,  married, 
was  admitted  into  the  Serapliin-Lazareth,  Stockholm,  on  the  2nd 
of  February,  1842.    He  had  been  occupied  three  years  m  the 
manufacture  of  phosphorus  matches,  and  inhabited  the  room  m 
which  the  materials  were  preserved.    He  had  always  been  well- 
conducted  in  every  way,  and  in  good  health  until  a  year  pre- 
viously, when  a  large  quantity  of  the  material  for  the  manufacture 
of  the  matches  accidentally  caught  fire  and  exploded.    In  his 
endeavours  to  extinguish  the  flames,  he  breathed  a  large  quantity 
of  the  vapour,  and  he  fell  for  a  time  unconscious.    The  spine 
afterwards  became  so  weak  that  he  could  not  hold  himself  up, 
and  he  lost,  in  a  great  measure,  power  over  his  legs  and  arms. 
On  admission,  his  condition  was  as  follows  : — He  could  make  a 
few  uncertain  and  staggering  steps,  his  knees  trembled,  his  arms 
shook,  and  if  he  attempted  to  grasp  anything  when  he  lay  in  bed, 
there  were  involuntary  twitchings  of  groups  of  muscles.  There 
was  no  pain ;  the  sensibility  of  the  skin  was  unchanged ;  he  had 
formication  in  the  left  arm ;  the  spine  was  neither  sensitive  to  pres- 
sure, nor  unusually  sensitive  to  heat  (as,  e.g.,  to  the  application 
of  a  hot  sponge) ;  the  organs  of  special  sense  were  not  affected, 
but  his  speech  was  somewhat  thick.    He  lived  to  1845  in  the 
same  condition,  but  the  paralysis  became  worse.    There  does  not 
seem  to  have  been  any  autopsy. 

The  efiects  of  phosphorus  vapour  may  be  still  further  eluci- 
dated by  one  of  Eulenberg's*  experiments  on  a  rabbit.  The 
vapour   of  burning   phosphorus,  mixed  with  much  air,  was 
admitted  into  a  wooden  hutch  in  which  a  strong  rabbit  sat.  After 
5  mgrms.  of  phosphorus  had  been  in  this  manner  consumed,  the 
only  symptoms  in  half  an  hour  were  salivation,  and  quickened 
and  somewhat  laboured  respiration.    After  twenty-four  hours 
had  elapsed  there  was  sudden  indisposition,  the  animal  fell  as  if 
lifeless,  with  the  hind  extremities  stretched  out,  and  intestinal 
movements  were  visible  ;  there  was  also  expulsion  of  the  urine. 
These  epileptiform  seizures  seem  to  have  continued  more  or  less 
for  twelve  days,  and  then  ceased.    After  fourteen  days  the 
experiment  was  repeated  on  the  same  rabbit.     The  animal 
remained  exposed  to  the  vapour  for  three  quarters  of  an  hour, 
when  the  epilepsy  showed  itself  as  before,  and,  indeed,  almost 
regularly  after  feeding.    Between  the  attacks  the  respiration 
was  slowed.     Eight  weeks  afterwards  there  was  an  intense 
icterus,  which  disappeared  at  the  end  of  ten  weeks. 

*  Oewerbe  Hygiene,  p.  255. 
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^i-^^/'-  Phosphorus  Poisoning  has  frequently  been 

noticed  m  persons  engaged  either  in  the  manufacture  of  phos- 
phorus or  m  Its  technical  application.    Some  have  held  that  the 
symptoms  are  due  to  an  oxidation  product  of  phosphorus  rather 
than  to  phosphorus  itself,  but  in  one  of  Eulenberg's  experiments 
m  which  a  dove  was  killed  by  breathing  phosphorus  fumes  evolved 
by  phosphorus  oil,  phosphorus  was  chemically  recognised  in  the 
tree  state  m  the  lungs.    The  most  constant  and  peculiar  effect 
ot  breathing  small  quantities  of  phosphorus  vapour  is  a  necrosis 
ot  the  lower  jaw.   There  is  first  inflammation  of  the  periosteum 
ot  the  jaw,  which  proceeds  to  suppuration  and  necrosis  of  a 
greater  or  smaller  portion.    The  effects  may  develop  with  f^-eat 
suddenness,  and  end   fatally.     Thus   Fournier  and  Oilfver* 
relate  the  case  of  a  girl,  fourteen  years  old,  who,  after  working 
tour  years  m  a  phosphorus  manufactory,  was  suddenly  affected 
with  periostitis  of  the  upper  jaw,  and  with  intense  anajmia.  An 
eruption  of  purpuric  spots  ensued,  and  she  died  comatose. 
There  is  now  little  doubt  that  minute  doses  of  phosphorus  have  a 
specific  action  on  the  bone  generally,  and  more  especially  on  the 
bones  of  the  jaw.    Wegnerf  administered  small  daily  doses  to 
young  animals,  both  in  the  state  of  vapour,  and  as  a  finely- 
divided  solid.    The  condition  of  the  bones  was  found  to  be  more 
compact  than  normal,  the  medullary  canals  being  smaller  than 
in  healthy  bone,  the  ossification  was  quickened.    The  formation 
of  callus  in  fractured  limbs  was  also  increased. 

§  256.  Changes  in  the  Urinary  Secretion. — It  has  been  before 
stated  that,  at  a  certain  period  of  the  illness,  the  renal  secretion 
is  scantier  than  in  health,  the  urine  diminishing,  according  to 
Lebert  and  Wyss'sJ  researches,  to  one-half  on  the  third,  fourth, 
or  fifth  day.  It  frequently  contains  albumen,  blood,  and  casts. 
When  jaundice  is  present,  the  urine  has  then  all  the  characters 
noticed  in  icterus ;  leucin  and  tyrosin,  always  present  in  acute 
yellow  atrophy  of  the  liver,  have  been  found  in  small  quantity 
in  jaundice  through  phosphorus;  lactic  acid  is  also  present.  The 
urea  is  much  diminished,  and,  according  to  Schultzen  and  E.iess,§ 
may  be  towards  death  entirely  absent.  Lastly,  it  is  said  that 
there  is  an  exhalation  of  either  phosphorus  vapour  or  phosphine 
from  such  urine  (see  p.  218). 

§  257.  Changes  in  tlie  Blood  during  life  have  been  several 
times  observed.     In  a  case  attended  by  M.  Romellsere  of " 


*  Gaz.  hebd.  de  M6d.,  29.,  p.  461.,  1868. 

t  Virchow's  ^rcA. /.  Path.  Anat.,  Iv.,  11. 

t  Archiv  G6nerale  de  MM.,  6  Sir.,  Tom.  12,  1868,  p.  709. 

§  Annalen  der  Gliarit6,  Berlin. 
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Brussells,*  in  whicli  a  man  took  the  paste  from  300  matches,  and 
under  treatment  by  turpentine  recovered,  the  blood  was  fre- 
quently examined,  and  the  leucocytes  found  much  increased  in 
number.  There  is  a  curious  conflict  of  evidence  as  to  whether 
phosphorus  prevents  coagulation  of  the  blood  or  not.  Nasse 
asserted  that  phosphorated  oil  given  to  a  dog  fully  prevented 
coagulation;  P.  I.  Liebreckf  also,  in  a  series  of  researches,  found 
the  blood  dark,  fluid,  and  in  perfect  solution.  These  observa- 
tions were  also  supported  by  V.  Bibra  and  Schuchardt.J 
Nevertheless,  Lebert  and  Wyss  found  the  blood,  whether 
in  the  veins  or  in  extravasations,  in  a  normal  condition. 
Phosphorus  increases  the  fatty  contents  of  the  blood.  Ritter 
found  that  phosphorus  mixed  with  starch,  and  given  to  a  dog, 
raised  the  fatty  content  from  the  normal  2  per  thousand  up  to 
3 '41  and  3-47  per  thousand.  Eug.  Menard§  saw  in  the  blood 
from  the  jugular  and  portal  veins,  as  well  as  in  extravasations, 
microscopic  fat  globules  and  fine  needle-shaped  crystals  soluble 
in  ether. 

§  258.  Antidote — Treatment. — After  emptying  the  stomach  by 
means  of  emetics  or  by  the  stomach  pump,  oil  of  turpentine  in 
full  medicinal  doses,  say  2-5  cc.  (about  40  min.),  frequently 
administered,  seems  to  act  as  a  true  antidote,  and  a  large  per- 
centage of  cases  treated  early  in  this  way  recover. 

§  259.  Poisonous  Effects  of  Pliosphine  (Phosphuretted  hydrogen). 
— Experiments  on  pigeons,  on  rats,  and  other  animals,  and  a  few 
very  rare  cases  among  men,  have  shown  that  phosphine  has  an 
exciting  action  on  the  respiratory  mucous  membranes,  and  a 
secondary  action  on  the  nervous  system.  Eulenberg||  exposed 
a  pigeon  to  an  atmosphere  containing  1-68  per  cent,  of  phos- 
phine. There  was  immediate  unrest ;  at  the  end  of  three 
minutes,  quickened  and  laboured  breathing  (100  a  minute); 
after  seven  minutes,  the  bird  lay  prostrate,  with  shiverinf^  of 
the  body  and  wide  open  beak ;  after  eight  minutes,  there  was 
vomiting ;  after  nine  minutes,  slow  breathing  (34  per  minute) ; 
after  twelve  minutes,  convulsive  movements  of  the  wings ;  and 
after  thirteen  minutes,  general  convulsions  and  death. 

The  membranes  of  the  brain  were  found  strongly  injected, 

*  Tardieu  :  Op.  Cit.    Case  31. 

1;  Diss,  de  Venefico  Phosphoreo  Acuta.    Upsal,  1845. 
J.  ?  y*  ^^^^^  Kranhheiten  der  Arbeiter  in  den  Phosvhorzvnd 

II  Oewerbe  Hygiene,  p.  273. 
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and  there  were  extravasations.  In  the  mucous  membrane  of 
the  crop  there  was  also  an  extravasation.  The  lungs  exter- 
nally and.  throughout  were  of  a  dirty  brown-red  colour;  the 
entire  heart  was  tilled  with  coagulated  blood,  which  was  weakly 
acid  in  reaction. 

In  a  second  experiment  with  another  pigeon,  there  was  no 
striking  symptom  save  that  of  increased  frequency  of  respiration 
and  loss  of  appetite ;  at  the  end  of  four  days  it  was  found  dead. 
There  was  much  congestion  of  the  cerebral  veins  and  vessels, 
the  mucous  membrane  of  the  trachea  and  bronchia  were  weakly 
injected,  and  the  first  showed  a  thin,  plastic,  diphtheritic-like 
exudation. 

Dr.  Henderson's  *  researches  on  rats  may  also  be  noticed  here. 
He  found  that  an  atmosphere  consisting  entirely  of  phosphine 
killed  rats  within  ten  minutes,  an  atmosphere  with  1  per 
cent,  in  half  an  hour.  The  symptoms  observed  were  almost 
exactly  similar  to  those  noticed  in  the  first  experiment  on  the 
pigeon  quoted  above,  and  the  i)ost-mortem  appearances  were 
not  dissimilar.  With  smaller  quantities  of  the  gas,  the  first 
symptom  was  increased  frequency  of  the  respiration ;  then  the 
animals  showed  signs  of  suffering  intense  irritation  of  the  skin, 
scratching  and  biting  at  it  incessantly ;  afterwards  they  became 
drowsy,  and  assumed  a  very  peculiar  attitude,  sitting  down  on 
all-fours,  with  the  back  bent  forward,  and  the  nose  pushed 
backwards  between  the  fore  paws,  so  as  to  bring  the  forehead 
against  the  floor  of  the  cage.  When  in  this  position,  the  rat 
presented  the  appearance  of  a  curled-up  hedgehog.  Phosphine, 
when  injected  into  the  rectum,  is  also  fatal;  the  animals  exhale 
some  of  the  gas  from  the  lungs,  and  the  breath,  therefore, 
reduces  solutions  of  silver  nitrate,  t 

Brenner  \  has  recorded  the  case  of  a  man  twenty-eight  years 
old,  a  pharmaceutist,  who  is  supposed  to  have  suffered  from 
illness  caused  by  repeated  inhalations  of  minute  quantities  of 
phosphine.  He  was  engaged  for  two  and  a  half  years  in  the 
preparation  of  hypophosphites,  his  illness  commenced  with  spots 
before  the  eyes,  and  inability  to  fix  the  attention.  His  teeth 
became  very  brittle,  and  healthy  as  well  as  carious  broke  off 
from  very  slight  causes.  Finally,  a  weakness  of  the  arms  and 
limbs  developed  in  the  course  of  nine  months  into  complete 
locomotor  ataxy. 


*  Journ.  Anat.  and  Physiol.,  vol.  xiii.,  p.  19. 
"  t  Dybskowsky,  Med.  Chem.  Untermchun.gen  aus  Hoppe-Seyler's  Labor,  m 
Tubingen,  p.  57. 

X  St.  Petersburg  Med.  ZeiiscJir.,  4  Hft.,  1865. 
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§  260.  Blood  takes  up  far  more  phospliine  than  -water. 
Dybskowsky  found  that  putting  the  coefficient  of  solubility  of 
phosphine  in  pure  water  at  -1122  at  15°,  the  coeflficient  for 
venous  blood  was  -13,  and  for  arterial  26-73 ;  hence  the  richer 
the  blood  is  in  oxygen  the  more  phosphine  is  absorbed.  It  seems 
probable  that  the  poisonous  gas  reacts  on  the  oxyhsemoglobin 
of  the  blood,  and  phosphorus  acid  is  formed.  This  is  supported 
by  the  fact  that  a  watery  extract  of  such  blood  reduces  silver 
nitrate,  and  has  been  also  found  feebly  acid.  The  dark  blood 
obtained  from  animals  poisoned  by  phosphine,  when  examined 
spectroscopically,  has  been  found  to  exhibit  a  band  in  the  violet. 

§  261.  Postmortem  Appearances. — There  are  a  few  perfectly  well 
authenticated  Cases  showing  that  phosphorus  may  cause  death, 
and  yet  no  lesion  be  discovered  afterwards.  Thus,  Tardieu* 
cites  a  case  in  which  a  woman,  aged  forty-five,  poisoned  herself 
with  phosphorus,  and  died  suddenly  the  seventh  day  afterwards. 
Dr.  Mascarel  examined  the  viscera  with  the  greatest  care,  but 
could  discover  absolutely  no  abnormal  condition;  the  'only 
symptoms  during  life  were  vomiting,  and  afterwards  a  little 
indigestion.  It  may,  however,  be  remarked  that  the  microscope 
does  not  seem  to  have  been  employed,  and  that  probably  a  close 
examination  of  the  heart  would  have  revealed  some  alteration  of 
its  ultimate  structure.  The  case  quoted  by  Taylorf  may  also  be 
mentioned,  in  which  a  child  was  caught  in  the  act  of  suckin^r 
phosphorus  matches,  and  died  ten  days  afterwards  in  convulsions" 
None  of  the  ordinary  post-mortem  signs  of  poisoning  by  phos- 
phorus were  met  with,  but  the  intestines  were  reddened  throu<^h- 
out,  and  there  were  no  less  than  ten  invaginations  ;  but  the  case 
is  altogether  a  doubtful  one,  and  no  phosphorus  may  actually 
have  been  taken.  It  is  very  difficult  to  give  in  a  limited  space 
anything  like  a  full  picture  of  the  different  lesions  found  after 
death  from  phosphorus,  for  they  vary  according  as  to  whether 
the  death  is  speedy  or  prolonged,  whether  the  phosphorus  has 
been  taken  as  a  finely-divided  solid,  or  in  the  form  of  vapour  &c 
It  may  however  be  shortly  said,  that  the  most  common  chakges 
+  are  fatty  infiltration  of  the  liver  and  kidneys,  fatty  degeneratfon 
of  the  heart,  enlargement  of  the  liver,  ecchymoses  in  the  serous 
membranes  m  the  muscular,  in  the  fatty,  and  in  the  mucous  tissues 
When  death  occurs  before  jaundice  supervenes,  there  may  be  S 
n  the  aspect  of  the  corpse  to  raise  a  suspicion  of  poison  •  but  if 
intense  jaundice  has  existed  during  lifef  the  yellow  staikin.  of 
the  skm,  and  it  may  be,  spots  of  purpura,  will  suggest  o\ho 


*  L^Empoisomiement,  p.  520 
t  "  Poisons,"  Srd  Ed.,  p.  276. 
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experienced  pathologist,  the  possibility  of  phosphorus  poisoning. 
In  the  mouth  and  throat  there  will  seldom  be  anything 
abnormal.  In  one  or  two  cases  of  rapid  death  among  infants,  some 
traces  of  the  matches  which  had  been  sucked  were  found  clinging 
to  the  gums.  The  stomach  may  be  healthy,  but  the  most  common 
appearance  is  a  swelling  of  the  mucous  membrane  and  superficial 
erosions.  Virchow,*  who  was  the  first  to  call  attention  to  this 
peculiar  gray  swelling  of  the  intestinal  mucous  membrane  under 
the  name  of  gastritis  glandularis  or  gastradenitis,  shows  that  it 
is  due  to  a  fatty  degeneration  of  the  epithelial  cells,  and  that  it 
is  by  no  means  peculiar  to  phosphorus  poisoning.  The  swelling 
may  be  seen  by  properly-prepared  sections  to  have  its  essential 
seat  in  the  glands  of  the  mucous  membrane;  the  glands  are 
enlarged,  their  openings  filled  with  large  cells,  and  each  single 
cell  is  finely  granular.  Little  centres  of  haemorrhage,  often 
microscopically  small,  are  seen,  and  may  be  the  centres  of  small 
inflammations ;  their  usual  situation  is  on  the  summit  of  the 
rugse.  Very  similar  changes  are  witnessed  after  death  from  septi- 
caemia, pyaemia,  diphtheria,  and  other  diseases.  The  softening  of 
the  stomach,  gangrene,  and  deep  erosions,  recorded  by  the  earlier 
authors,  have  not  been  observed  of  late  years,  and  probably  were 
due  to  post-mortem  changes,  and  not  to  processes  during  life. 
The  same  changes  are  to  be  seen  in  the  intestines,  and  there  are 
numerous  extravasations  in  the  peritoneum. 

The  liver  shows  of  all  the  organs  the  most  characteristic  signs ; 
a  more  or  less  advanced  fatty  infiltration  of  its  structure  takes 
place,  which  was  first  described  as  caused  by  phosphorus  by  Haufl^ 
in  1860.f  It  is  the  most  constant  pathological  evidence  both  in 
man  and  animal,  and  seems  to  occur  at  a  very  early  period, 
Munk  and  Leyden  having  found  a  fatty  degeneration  in  the 
liver  far  advanced  in  twenty-four  hoursj  after  poisoning.  In  rats 
and  mice  poisoned  with  paste,  I  have  found  the  processes  evident 
to  the  naked  eye  twelve  hours  after  the  fatal  dose.  The  liver  is 
mostly  large;  has  a  pale  yellow  (or  sometimes  an  intense  yellow) 
colour;  on  section  the  cut  surface  presents  a  mottled  appearance; 
the  serous  envelopes,  especially  along  the  course  of  the  vessels, 
exhibit  extravasations  of  blood.  The  liver  itself  is  more  deficient 
in  blood  than  in  the  normal  condition,  and  the  more  bloodless  it 
is,  the  greater  the  fatty  infiltration. 

The  microscopic  appearances  are  also  characteristic.  In  a 
recent  case  of  suicidal  poisoning  by  phosphorus,  in  which  death 

*  Virchow's  Archiv f.  Path.  Anat,  Bd.  31.,  Hft.  3.,  399.,  S.  1864. 
t  Hauff  collected  12  cases  and  found  a  fatty  liver  m  11.— Wurtemb. 
Med.  Corresp.  Bl,  1860,  No,  34. 
X  Die  Acute  Phonphor-  Vergiftxmg.    Berlin,  1865. 
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took  place  on  the  seventh  day,  the  liver  was  very  carefully 
examined  by  Dr.  G.  F.  Goodart,  who  reports  as  follows : — 

"  Under  a  low  power  the  structure  of  the  liver  is  still  readily  recognisable, 
and  in  this  the  specimen  differs  from  slides  of  three  cases  of  acute  yellow 
atrophy  that  I  have  in  my  possession.  The  hepatic  cells  are  present  in 
large  numbers,  and  have  their  natural  trabecular  arrangement.  The 
columns  are  abnormally  separated  by  dilated  blood  or  lymph  spaces,  and 
the  individual  cells  are  cloudy  and  ill-defined.  The  portal  channels  are 
everywhere  characterised  by  a  crowd  of  small  nuclei  which  stain  with 
logwood  deeply.  The  epithelium  of  the  smaller  ducts  is  cloudy,  and  blocks 
the  tubes  in  many  cases.  Under  a  high  power  (one-fifth)  it  is  seen  that  the 
hepatic  cells  are  exceedingly  ill-defined  in  outline,  and  full  of  granules  and 
even  drops  of  oil.  But  in  many  parts,  even  where  the  cells  themselves  are 
hazy,  the  nucleus  is  still  fairly  visible.  It  appears  to  me  that,  in  opposition 
to  what  others  have  described,  the  nuclei  of  the  cells  have  in  great  measure 
resisted  the  degenerative  process.  The  change  in  the  cells  is  uniform 
throughout  each  lobule,  but  some  lobules  are  rather  more  affected  than 
others.  The  blood  spaces  between  the  cells  are  empty,  and  the  liver  appears 
to  be  very  bloodless.  The  portal  canals  are  uniformly  studded  with  small 
round  nuclei  or  cells,  which  are  in  part,  and  might  be  said  in  great  part,  due 
to  increase  of  the  connective  tissue  or  to  a  cirrhotic  process.  But  I  am  more 
disposed  to  favour  the  view  that  they  are  due  to  migration  from  the  blood 
vessels,  because  they  are  so  uniform  in  size,  and  the  hepatic  cells  and 
connective  tissue  in  their  neighbourhood  are  undergoing  no  changes  in  the 
way  of  growth  whatever.  I  cannot  detect  any  fatty  clianges  in  the  vessels, 
but  some  of  the  smaller  biliary  ducts  contain  some  cloudy  albuminous 
material,  and  their  nucleation  is  not  distinct.  No  retained  biliarv  moment 
is  visible."* 


Oscar  Wyss,t  in  the  case  of  a  woman  twenty-three  years  old, 
who  died  on  the  fifth  day  after  taking  phosphorus,  describes,  in 
addition  to  the  fatty  appearance  of  the  cells,  a  new  formation  of 
cells  lying  between  the  lobules  and  in  part  surrounding  the  gaU- 
ducts  and  the  branches  of  the  portal  vein  and  hepatic  artery. 

SaikowskyJ  found  in  animals,  which  he  killed  a  few  hours 
after  administering  to  them  toxic  doses  of  phosphorus,  notable 
hyperajmia  of  the  throat,  intestine,  liver,  and  kidneys— both  the 
latter  organs  being  larger  than  usual.  The  liver  cells  were 
swollen,  and  the  nuclei  very  evident,  but  they  contained  no  fat, 
fatty  drops  being  formed  afterwards.  ' 

§  262.  The  Kidneys  exhibit  alterations  very  similar  and  analo- 
gous to  those  of  the  liver.  They  are  mostly  enlarged,  congested, 
and  flabby,  with  extravasations  under  the  capsule,  and  show 
microscopic  changes  essentially  consisting  in  a  fatty  degeneration 

mLIms^S*  ^""'^  ^''^'"^  M.-D.-Lancet, 
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of  the  epithelium.  In  cases  attended  with  hsemorrhage,  the 
tubuli  may  be  here  and  there  filled  with  blood.  The  fatty 
epithelium  is  especially  seen  in  the  contorted  tubes,  and  the 
walls  of  the  vessels,  both  of  the  capsule  and  of  the  malpighian 
bodies,  also  undergo  the  same  fatty  change.  In  cases  in  which 
death  has  occurred  rapidly,  the  kidneys  have  been  found  almost 
healthy  or  a  little  congested  only.  The  pancreas  has  also  been 
found  with  its  structure  in  part  replaced  by  fatty  elements. 

Of  great  significance  are  also  the  fatty  changes  in  the  general 
muscular  system,  and  more  especially  in  the  heart.  The  muscular 
fibres  of  the  heart  quickly  lose  their  transverse  striae,  which  are 
replaced  by  drops  of  fat.  Probably  this  change  is  the  cause  of 
the  sudden  death  not  unfrequently  met  with  in  phosphorus 
poisoning. 

In  the  Lungs,  when  the  phosphorus  is  taken  in  substance, 
there  is  little  "  naked-eye  "  change,  but  Perls,*  by  manometric 
researches,  has  shown  that  the  elasticity  is  always  decreased. 
According  to  experiments  on  animals,  when  the'vapour  is  breathed, 
the  mucous  membrane  is  red,  congested,  swollen,  and  has  an 
acid  reaction. 

In  the  Nervous  System  no  change  has  been  remarked,  save 
occasionally  hsemorrhagic  points  and  extravasations. 

§  263.  Diagnostic  Differences  between  Acute  Yellow  Atrophy  of 
the  Liver  and  Fatty  Liver  produced  by  Phosphorus. — 0.  Schultzen 
and  O.  L.  Riess  have  collected  and  compared  ten  cases  of  fatty 
liver  from  phosphorus  poisoning,  and  four  cases  of  acute  yellow 
atrophy  of  the  liver,  and,  according  to  them,  the  chief  points  of 
distinction  are  as  follows  : — In  phosphorus  poisoning  the  liver  is 
large,  doughy,  equally  yellow,  and  with  the  acini  well  marked ; 
while  in  acute  yellow  atrophy  the  liver  is  diminished  in  size, 
tough,  leathery,  and  of  a  dirty  yellow  hue,  the  acini  not  being 
well  mapped  out.  The  "phosphorus"  liver,  again,  presents  the 
ceUs  fiUed  with  large  fat  drops,  or  entirely  replaced  by  them  ; 
but  in  the  "  atrophy "  liver,  the  cells  are  replaced  by  a  finely- 
nucleated  detritus  and  through  newly-formed  cellular  tissue. 
Yellow  atrophy  seems  to  be  essentially  an  inflammation  of  the 
intralobular  connective  tissue,  while  in  phosphorus  poisoning  the 
cells  become  gorged  by  an  infiltration  of  fat,  which  presses  upon 
the  vessels  and  lessens  the  blood  supply,  and  the  liver,  in  con- 
sequence, may,  after  a  time,  waste. 

There  is  also  a  clinical  distinction  during  life,  not  only  m  the 
lessening  bulk  of  the  liver  in  yellow  atrophy,  in  opposition  to 
the  increase  of  size  in  the  large  phosphorus  liver,  but  also  m 
the  composition  of  the  renal  secretion.  In  yellow  atrophy 
*  Deutsch.  Archivf.  Klin.  Med.,  vi.,  Hft.  1,  S.  1,  1869. 


^  264.]  PHOSPHORUS.  213 

the  urine  contains  so  much  leucine  and  tyrosin,  that  the  simple 
addition  of  acetic  acid  causes  at  once  a  precipitate  bchultzen 
and  Riess  also  found  in  the  urine,  in  cases  of  yellow  atrophy, 
oxymandelic  acid  (OgHgO^),  but  in  cases  of  phosphorus  poisoning 
a  nitrogenised  acid,  fusing  at  184°  to  185  . 

According  to  Maschka,  gray-white,  knotty,  faecal  masses  are 
found  in  the  intestines  in  yellow  atrophy,  but  never  m  cases  ot 
phosphorus  poisoning.  In  the  latter,  it  is  more  common  to  hnd 
a  slig  ht  intestinal  catarrh  and  fluid  excreta. 

§  264.  The  Detection  of  Phosphorus.— The  following  are  the 
chief  methods  in  use  for  the  separation  and  detection  of  phos- 
phorus : — *  . 

1.  Mitscherlich's  Process.— The  essential  feature  of  this  process 
is  simply  distillation  of  free  phosphorus,  and  observation  of  its 
luminous  properties  as'  the  vapour  condenses  in  the  condensing 
tube.  The  conditions  necessary  for  success  are — (1.)  that  the 
apparatus  should  be  in  total  darkness;!  and  (2.)  that  there  should 
be  no  substance  present,  such  as  alcohol  or  ammonia,  f  which, 
distilling  over  with  the  phosphorus-vapour,  could  destroy  its 
luminosity.  A  convenient  apparatus,  and  one  certain  to  be 
in  all  laboratories,  is  an  ordinary  Florence  flask,  containing 
the  liquid  to  be  tested,  fitted  to  a  glass  Liebig's  condenser, 
supported  on  an  iron  sand-bath  (which  may,  or  may  not,  have  a 
thin  layer  of  sand),  and  heated  by  a  Fletcher's  low  temperature 
burner.  The  distillate  is  received  into  a  flask.  This  apparatus, 
if  in  darkness,  works  well ;  but  should  the  observer  wish  to 
work  in  daylight,  the  condenser  must  be  enclosed  in  a  box 
perfectly  impervious  to  light,  and  having  a  hole  through  which 
the  luminosity  of  the  tube  may  be  seen,  ,  the  head  of  the  operator 
and  the  box  being  covered  with  a  cloth.  If  there  be  a  stream  of 
water  passing  continuously  through  the  condenser,  a  beautiful 
luminous  ring  of  light  appears  in  the  upper  part  of  the  tube, 
where  it  remains  fixed  for  some  time.    Should,  however,  the 

*  It  has  been  recommended  to  dissolve  the  phosphorus  out  from  organic 
matters  by  carbonic  disulphide.  On  evaporation  of  the  latter,  the  phos- 
phorus is  recognised  by  its  physical  properties.  Such  a  method  is  of  but 
limited  application,  although  it  may  sometimes  be  found  useful.  I  have 
successfully  employed  it  in  the  extraction  of  phosphorus  from  the  crop  of  a 
fowl ;  but  on  this  occasion  it  happened  to  be  present  in  large  quantity. 

t  Any  considerable  amoimt  of  phosphorescence  can,  however,  be  observed 
in  twilight. 

+  A  variety  of  volatile  substances  destroys  the  luminous  appearance  of 
phosphorus  vapour — e.g.,  chlorine,  hydric  sulphide,  sulphur  dioxide, 
carbon  disulphide,  ether,  alcohol,  petroleum,  turpentine,  creasote,  and  moat 
essential  oils.  On  the  other  hand,  bromine,  hydrochloric  acid,  camphor,  and 
carbonate  of  ammonia  do  not  seem  to  interfere  much  with  the  phosphor- 
escence. 
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refrigeration  be  imperfect,  the  luminosity  travels  slowly  down 
the  tube  into  the  receiver.  In  any  case,  the  delicacy  of  the  test 
IS  extraordinary.*  If  the  organic  liquid  is  alkaline,  or  even 
neutral,  there  will  certainly  be  some  evolution  of  ammonia, 
which  will  distil  over  before  the  phosphorus,  and  retard  (or,  if 
in  sufficient  quantity,  destroy)  the  luminosity.  In  such  a  case 
It  IS  well,  as  a  precaution,  to  add  enough  sulphuric  acid  to  fix 
the  ammonia,  omitting  such  addition  if  the  liquid  to  be  operated 
upon  is  acid. 

2.  The  Production  ofPJiosphine  (PHg).— Any  method  which  pro- 
duces phosphine  (phosphuretted  hydrogen),  enabling  that  gas  to 
be  passed  through  nitrate  of  silver  solution,  may  be  used  for  the 
detection  of  phosphorus.  Thus,  Sonnenschein  states  that  he  has 
found  phosphorus  in  extraordinarily  small  amount,  mixed  with 
various  substances,  by  heating  with  potash  in  a  flask,  and  passing 
the  phosphine  into  silver  nitrate,  separating  the  excess  of  silver, 
and  recognising  the  phosphoric  acid  by  the  addition  of  molybdate 
of  ammonia,  f 

3.  Tests  Beipendent  on  the  Comhustion  of  Phosphine  (PHg).— A 
hydrogen  flame,  containing  only  a  minute  trace  of  phosphorus, 
or  of  the  lower  products  of  its  oxidation,  acquires  a  beautiful 
green  tint,  and  possesses  a  characteristic  spectrum.  In  order  to 
obtain  the  latter  in  its  best  form,  the  amount  of  phosphine  must 
not  be  too  large,  or  the  flame  will  become  whitish  and  livid,  and 
the  bands  lose  their  defined  character,  rendering  the  spectrum 
continuous.  Again,  the  orifice  of  the  tube  whence  the  gas 
escapes  must  not  be  too  small  ;  and  the  best  result  is  obtained 
when  the  flame  is  cooled. 

M.  Salet  has  proposed  two  excellent  methods  for  the  observa- 
tion of  phosphine  by  the  spectroscope  : — 

(1.)  He  projects  the  phosphorus-flame  on  a  plane  vertical 
surface,  maintained  constantly  cold  by  means  of  a  thin  layer  of 
running  water ;  the  green  colour  is  especially  produced  in  the 
neighbourhood  of  the  cool  surface. 

(2.)  At  the  level  of  the  base  of  the  flame,  there  is  an  annular 
space,  through  which  a  stream  of  cold  air  is  continually  blown 
upwards.  Thus  cooled,  the  light  is  very  pronounced,  and  the 
band,  b,  which  is  almost  invisible  in  the  ordinary  method  of 
examination,  is  plainly  seen.  J 

*  Fresenius  states  that  he  and  Neubaiiei",  with  1  mgrm.  of  phosphorus  iu 
200,000,  recognised  the  hght,  which  lasted  for  half  an  hour. — Zeitschr.  f. 
Anal.  Chem.,  i.,  p.  336. 

f  Sonnenschein,  Handbucli  tier  Gerichtlichen  Cliemie.    BerUn,  1869. 

4:  Consult  Spectres  Lumineux,  par  M.  Lecoq  de  Boisbaudran.  Paris, 
1874.  See  also  Christofle  and  Beilstrom's  Ahliandlung  in  Fresenius'  Zeitschr. 
f.  Anal.  Chem.,  B.  2,  p.  465,  and  B.  3,  p.  147. 
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An  apparatus  (devised  by  Blondlot,  and  improved  by  Fresenius) 
for  the  production  of  the  phosphine  flame  in  medico-legal  research, 
is  represented  in  the  following  diagram  :— 


Fig.  12. 

Several  of  the  details  of  this  apparatus  may  be  modified  at  the 
convenience  of  the  operator.  A  is  a  vessel  containing  sulphuric 
acid  ;  B  is  partly  filled  with  granulated  zinc,  and  hydrogen  may 
be  developed  at  pleasure;  c  contains  a  solution  of  nitrate  of 
silver ;  d  is  &  tube  at  which  the  gas  can  be  lit ;  e,  a  flask  con- 
taining the  fluid  to  be  tested,  and  provided  with  a  tube  f,  at 
which  also  the  gas  issuing  can  be  ignited.  The  orifice  should 
be  provided  with  a  platinum  nozzle.  When  the  hydrogen  has 
displaced  the  air,  both  tubes  are  lit,  and  the  two  flames,  being 
side  by  side,  can  be  compared.  Should  any  phosphorus  come 
over  from  the  zinc  (a  possibility  which  the  interposed  silver 
nitrate  ought  to  guard  against),  it  is  detected ;  the  last  flask  is 
now  gently  warmed,  and  if  the  flame  is  green,  or,  indeed,  in  any 
case,  it  should  be  examined  by  the  spectroscope.* 

§  265.  The  spectrum,  when  fully  developed,  shows  one  band 
in  the  orange  and  yellow  between  0  and  D,  but  very  close  to  D, 


*  F.  Selmi  has  proposed  tlie  simple  dipping  of  a  platinum  loop  into  a 
liquid  containing  phosphoric  acid,  and  then  inserting  it  into  the  tip  of  a 
hydrogen  flame. 
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and  several  bands  in  the  green.    But  the  bands,  d,  y,  «  and  B 

TJX^XmT^"^^^  7^.^  ^.^^^  '  c^n^rLbo^ftfe 
rpeXoscfrT.  if  .  -ii V*'^Suished  when  the  slit  of  the 
t?o  nirrnw     T.  •    t  \  ^«  ^^^i^^ble  if  the  slit  is 

when  7nnT;.l  ^  by  M.  Salet's  second  process,  and, 

toward.  f  Ti.  1  \  l^r^  ^  ^  somewhat  decided  border 
le^  S  iT?         'I  ^'  '^^d  it  is,  therefore, 

tw  T^T     ^'^^^^  «^ds    its  centre 

may,  however,  be  put  at  very  near  109  of  Boisbeaubran's  scale, 
corresponding  to  W.  L.  560-5,  if  the  flame  is  free.  This  band  i^ 
more  distinct  than  /3,  but  with  a  strong  current  of  air  the  reverse 
IS  the  case.  The  middle  of  the  important  band  a  is  nearly 
marked  by  Praunhofer's  line  E.  Boisbeaudran  gives  it  as 
coinciding  with  122  of  his  scale  W.  L.  526-3.  In  ordinary 
conditions  (that  is,  with  a  free  uncooled  flame)  this  is  the 
ri"^?*  "^""^^'^  bands.    The  approximate 

129-00)  ^  ^^^'^  (Boisbeaubran's  scale 

Lipowitz's  Sulphur  I^es^.— Sulphur  has  the  peculiar  property 
oi  condensing  phosphorus  on  its  surface,  and  of  this  Lipowitz 
proposed  to  take  advantage.  Pieces  of  sulphur  are  digested 
some  time  with  the  liquid  under  research,  subsequently  removed, 
and  slightly  dried.  When  examined  in  the  dark,  should  phos- 
phorus be  present,  they  gleam  strongly  if  rubbed  with  the 
finger,  and  develop  a  phosphorus  odour.  The  test  is  wanting  in 
delicacy,  nor  can  it  well  be  made  quantitative ;  it  has,  however, 
an  advantage  in  certain  cases— e.g-.,  the  detection  of  phosphorus 
in  an  alcoholic  liquid. 

Scherer's  test,  as  modified  by  Hager,*  is  a  very  delicate  and 
almost  decisive  test.  The  substances  to  be  examined  are  placed 
in  a  flask  with  a  little  lead  acetate  (to  prevent  the  possibility  of 
any  hydric  sulphide  being  evolved),  some  ether  added,  and  a 
strip  of  filter  paper  soaked  in  a  solution  of  silver  nitrate  is  then 
suspended  in  the  flask ;  this  is  conveniently  done  by  making  a 
slit  in  the  bottom  of  the  cork,  and  in  the  slit  securing  the  paper. 
The  closed  flask  is  placed  in  the  dark,  and  if  phosphorus  is 
present,  in  a  few  minutes  there  is  a  black  stain.  It  may  be 
objected  that  arsine  will  cause  a  similar  staining,  but  then  arsine 
could  hardly  be  developed  under  the  circumstances  given.  It  is 
scarcely  necessary  to  observe  that  the  paper  must  be  wet. 

§  266.  Chemical  Examination  of  the  TJrine. — It  may  be  desir- 
able, in  any  case  of  suspected  phosphorus  poisoning,  to  examine 


*  Pharm.  Central-halle,  20,  353. 
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the  renal  secretion  for  leucin  and  tyrosin,  &c.  Leucin  may  be 
found  as  a  deposit  in  the  urine.  Its  general  appearance  is  that 
of  little  oval  or  round  discs,  looking  like  drops  of  fat.  It  can  be 
recognised  by  taking  up  one  or  more  of  these  little  bodies  and 
placing  them  in  the  author's  subliming  cell  (see  Index).  By 
careful  heating  it  will  sublime  wholly  on  to  the  upper  cover. 
On  now  adding  a  little  nitric  acid  to  the  sublimed  leucin,  and 
drying,  and  then  to  the  dried  residue  adding  a  droplet  of  a  solu- 
tion of  sodium  hydrate,  leucin  forms  an  oily  drop.  Tyrosin 
also  may  occur  as  a  sediment  of  little  heaps  of  fine  needles.  The 
best  test  for  tyrosin  is  to  dissolve  in  hot  water,  and  then  add  a 
drop  of  a  solution  of  mercuric  nitrate  and  mercurous  nitrate, 
when  a  rose  colour  is  at  once  developed,  if  the  tyrosin  is  in 
very  minute  quantity,  but  if  in  more  than  traces,  there  is  a 
distinct  crimson  precipitate.  To  separate  leucin  and  tyrosin 
from  the  urine,  the  best  process  is  as  follows : — The  urine  is 
filtered  from  any  deposit,  evaporated  to  a  thin  syrup,  and 
decanted  from  the  second  deposit  that  forms.  The  two  deposits 
are  mixed  together  and  treated  with  dilute  ammonia,  which  will 
dissolve  out  any  tyrosin  and  leave  it  in  needles,  if  the  ammonia 
is  spontaneously  evaporated  on  a  watch  glass.  The  urine  is  then 
diluted  and  treated  with  neutral  and  basic  acetates  of  lead, 
filtered,  and  the  lead  thrown  out  of  the  filtrate  by  hydric 
sulphide.  The  filtrate  is  evaporated  to  a  syrup,  and  it  then 
deposits  leucin  mixed  with  some  tyrosin.  If,  however,  the 
syrup  refuses  to  crystallise,  it  is  treated  with  cold  absolute 
alcohol,  and  filtered,  the  residue  is  then  boiled  up  with  spirit  of 
wine,  which  extracts  leucin,  and  deposits  it  on  cooling  in  a 
crystalline  form.  To  obtain  oxy-mandelic  acid,  the  mother 
liquor,  from  which  leucin  and  tyrosin  have  been  extracted,  is 
precipitated  with  absolute  alcohol,  filtered,  and  then  the  alcoholic 
solution  evaporated  to  a  syrup.  This  syrup  is  acidified  by 
sulphuric  acid,  and  extracted  with  ether ;  the  ether  is  filtered  off 
and  evaporated  to  dryness ;  the  dry  residue  will  be  in  the  form  of 
oily  drops  and  crystals.  The  crystals  are  collected,  dissolved  in 
water,  and  the  solution  precipitated  by  lead  acetate  to  remove 
colouring-matters;  after  filtration  it  is  finally  precipitated  by 
basic  acetate.  On  decomposition  of  the  basic  acetate,  by 
suspending  in  Avater  and  saturating  with  hydric  sulphide,  the 
ultimate  filtrate  on  evaporation  deposits  colourless,  flexible 
needles  of  oxymandelic  acid.  The  nitrogenised  acid  which 
bchultzen  and  Riess  obtained  from  urine  in  a  case  of  phosphorus 
poisoning,  was  found  in  an  alcohol  and  ether  extract— warts  of 
rhombic  scales  separating  out  of  the  syrupy  residue  These 
scales  gave  no  precipitate  with  basic  acetate,  but  formed  a 
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compound  with  silver  nitrate.  The  silver  compound  was  in  the 
form  of  shining  white  needles,  and  contained  33-9  per  cent,  of 
silver ;  the  acid  was  decomposed  by  heat,  and  with  lime  yielded 
aniline.  Its  melting  point  is  given  at  from  184°  to  185°.  The 
occurrence  of  some  volatile  substance  in  phosphorus  urine,  which 
blackens  nitrate  of  -silver,  and  which  is  probably  phosphine,  was 
first  noticed  by  Selmi.*  Pesci  and  Stroppa  have  confirmed 
Selmi's  researches.    It  is  even  given  off  in  the  cold. 

§  267.  The  Quantitative  Estimation  of  Phosphorus  is  best  carried 
out  by  oxidising  it  into  phosphoric  acid,  and  estimating  as  ammon. 
magnesian  phosphate.  To  efiect  this,  the  substances  are  distilled 
in  an  atmosphere  of  CO2  into  a  flask  with  water,  to  which  a  tube 
containing  silver  nitrate  is  attached ;  the  latter  retains  all  phos- 
phine, the  former  solid  phosphorus.  If  necessary,  the  distillate 
may  be  again  distilled  into  AglSTOg;  and  in  any  case  the  contents 
of  the  U  tube  and  flask  are  mixed,  oxidised  with  nitromuriatic 
acid,  filtered  from  silver  chloride,  and  the  phosphoric  acid  deter- 
mined in  the  usual  way. 

In  the  case  of  a  child  poisoned  by  lucifer  matches,  Sonnen- 
schein  estimated  the  free  phosphorus  in  the  following  way : — 
The  contents  of  the  stomach  were  diluted  with  water,  a  measured 
part  filtered,  and  the  phosphoric  acid  estimated.  The  other  por- 
tion was  then  oxidised  by  HOI  and  potassic  chlorate,  and  the 
phosphoric  acid  estimated — the  difierence  being  calculated  as 
free  phosphorus. 

§  268.  How  long  can  Phosphorus  he  recognised  after  Death  ? — 
One  of  the  most  important  matters  for  consideration  is  the  time 
after  death  in  which  free  phosphorus,  or  free  phosphoric  acids, 
can  be  detected.  Any  phosphorus  changed  into  ammon.  mag. 
phosphate,  or  into  any  other  salt,  is  for  medico-legal  purposes 
entirely  lost,  since  the  expert  can  only  take  cognisance  of  the 
substance  either  in  a  free  state,  as  phosphine,  or  as  a  free  acid. 

The  question,  again,  may  be  asked  in  court — Does  the  decom- 
position of  animal  substances  rich  in  phosphorus  develop 
phosphine  1  The  answer  to  this  is,  that  no  such  reaction  has 
been  observed. 

A  case  is  relatedf  in  which  phosphorus  was  recognised, 
although  the  body  had  been,  buried  for  several  weeks,  and  then 

The  expert  of  pharmacy  of  the  Provincial  Government  Board 
of  Breslau  has  also  made  some  experiments  in  this  direction, 
which  are  worthy  of  note  :— Four  guinea  pigs  were  poisoned, 

*  Giornale  Internaz.  della  Scienza  Med.,  1879,  Nro.  5,  p.  645. 
t  Pharm.  Zeilsch.  f.  Russl.  ;  Jahrg.  2,  p.  87. 
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each  by  0-023  grm.  of  phosphorus ;  they  died  in  a  few  hours,  and 
were  buried  in  sandy-loam  soil,  0-5  metre  deep.  Exhumation  of 
the  first  took  place  four  weeks  after.  The  putrefying  organs- 
heart,  liver,  spleen,  stomach,  and  all  the  intestines,  tested  by 
Mitscherlich's  method  of  distillation,  showed  characteristic  phos- 
phorescence for  nearly  one  hour. 

The  second  animal  was  exhumed  after  eight  weeks  in  a  highly 
putrescent  state.  Its  entrails,  on  distillation,  showed  the 
phosphorescent  appearance  for  thirty-five  minutes. 

The  third  animal  was  taken  from  the  earth  after  twelve  weeks, 
but  no  free  phosphorus  could  be  detected,  although  there  was 
evidence  of  the  lower  form  of  oxidation  .(PO3)  by  Blondlot's 
method. 

The  fourth  animal  was  exhumed  after  fifteen  weeks,  but 
neither  free  phosphorus  nor  PO3  could  be  detected.* 

A  man,  as  well  as  a  cat,  was  poisoned  by  phosphorus.  On 
analysis,  twenty-nine  days  after  death,  negative  results  were 
alone  obtained.  (Sonnenschein.) 

It  will  thus  be  evident  that  there  is  no  constant  rule,  and  that, 
even  when  decomposition  is  much  advanced,  an  examination 
may  be  successful. 

*  Vierteljahrssclirift  fur  GericJuliche  Medicin,  Jan.  7,  1S76. — See  also 
Zeitschr.  f.  Anal.  Chemie,  1872. 
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DIVISION  I.— VEGETABLE  ALKALOIDS. 


I.  GENERAL  METHODS  OF  TESTING  AND  EXTRACTING 

ALKALOIDS. 

§  269.  General  Tests  for  Alkaloids. — In  order  to  ascertain 
whether  an  alkaloid  is  present  or  not,  a  method  of  extraction 
must  be  pursued  which,  while  disposing  of  fatty  matters,  salts, 
&c.,  shall  dissolve  as  little  as  possible  of  foreign  substances; 
such  a  method,  e.g.,  as  the  original  process  of  Stas,  or  one  of 
its  modern  modifications. 

If  to  the  acid  aqueous  solution  finally  obtained  by  this  method 
a  dilute  solution  of  soda  be  added,  drop  by  drop,  until  it  is  ren- 
dered feebly  alkaline,  and  no  precijntate  appear,  whatever  other 
poisonous  plant-constituents  may  be  present,  all  ordinary  alka- 
loids *  are  absent. 

In  addition  to  this  negative  test,  there  are  also  a  number  of 
substances  which  give  well-marked  crystalline  or  amorphous 
precipitates  with  alkaloids. 

§  270.  These  may  be  called  "  group-reagents."  The  chief 
members  of  the  group-reagents  are — Iodine  dissolved  in  hydriodic 
acid,  iodine  dissolved  in  potassic  iodide  solution,  bromine  dis- 
solved in  potassic  bromide  solution,  hydrargo-potassic  iodide, 
bismuth-potassic  iodide,  cadmic  potassic  iodide ;  the  chlorides  of 
gold,  of  platinum,  and  mercury  ;  picric  acid,  gallic  acid,  tannin, 
chromate  of  potash,  bichromate  of  potash,  phosphomolybdic  acid, 
phospho-tungstic  acid,  silico-tungstic  acid,  and  Erohde's  reagents. 
It  will  be  useful  to  make  a  few  general  remarks  on  some  of  these 
reagents. 

*  In  the  case  of  morphine  tartrate,  this  test  will  not  answer.  See  the 
article  on  morphine. 
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Iodine  in  Hydriodic  Acid  gives  either  crystalline  or  amori^hous 
precipitates  with  nearly  all  alkaloids ;  the  compound  with  mor- 
phine for  example,  is  in  very  definite  needles;  with  dilute  solutions 
of  atropine,  the  precipitate  is  in  the  form  of  minute  dots,  but 
the  majority  of  the  precipitates  are  amorphous,  and  all  are  more 

or  less  coloured.  .7-7-7     •  ■•■i 

Iodine  Dissolved  in  a  Solution  of  Fotassic  Iodide  gives  with 
alkaloids  a  reddish  or  red-brown  precipitate,  and  this  in  perhaps 
a  greater  dilution  than  almost  any  reagent.  When  added  to  an 
aqueous  solution,  the  precipitates  are  amorphous,  but  if  added  to 
an  alcoholic  solution,  certain  alkaloids  then  form  crystalline 
precipitates;  this,  for  example,  is  the  case  with  berberine  and 
narceine.  By  treating  the  precipitate  with  aqueous  sulphurous 
acid,  a  sulphate  of  the  alkaloid  is  formed  and  hydriodic  acid, 
so  that  by  suitable  operations  the  alkaloid  may  readily  be 
recovered  from  this  compound.  A  solution  of  _  bromine  in 
potassic  bromide  solution  also  gives  similar  precipitates  to  the 
above,  but  it  forms  insoluble  compounds  with  phenol,  orcin, 
and  other  substances. 

Mercuric  Fotassic  Iodide  is  prepared  by  decomposing  mercuric 
chloride  with  potassic  iodide  in  excess.  The  proportions  are 
13-546  grms.  of  mercuric  chloride  and  49-8  of  potassic  iodide, 
and  water  sufficient  to  measure,  when  dissolved,  one  litre.  The 
precipitates  from  this  reagent  are  white  and  flocculent ;  many  of 
them  become,  on  standing,  crystalline. 

Bismuthic  Potassic  Iodide  in  solution  precipitates  alkaloids,  and 
the  compounds  formed  are  of  great  insolubility,  but  it  also  forms 
compounds  with  the  various  albuminoid  bodies. 

Chloride  of  Gold  forms  with  the  alkaloids  compounds,  many  of 
which  are  crystalline,  and  most  admit  of  utilisation  for  quantita- 
tive determinations.  Chloride  of  gold  does  not  precipitate 
amides  or  ammonium  compounds,  and  on  this  account  its  value 
is  great.  The  precipitates  are  yellow,  and  after  a  while  are 
partly  decomposed,  when  the  colour  is  of  a  reddish-brown. 

Platinic  Chloride  also  forms  precipitates  with  most  of  the 
alkaloids,  but  since  it  also  precipitates  ammonia  and  potassic 
salts,  it  is  inferior  to  gold  chloride  in  utility. 

§  271.  (1.)  Phosphomolybdic  Acid  as  a  Reagent  for  Alkaloids. — 
Preparation  :  Molybdate  of  ammonia  is  precipitated  by  phosphate 
of  soda ;  and  the  well-washed  yellow  precipitate  is  suspended  in. 
water  and  warmed  with  carbonate  of  soda,  until  it  is  entirely 
dissolved.  This  solution  is  evaporated  to  dryness,  and  the 
ammonia  fully  expelled  by  heating.  If  the  molybdic  acid  is 
fairly  reduced  by  this  means,  it  is  to  be  moistened  by  nitric 
acid,  and  the  heating  repeated.    The  now  dry  residue  is  warmed 
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with  water,  nitric  acid  added  to  strong  acid  reaction,  and  the 
mixture  diluted  with  water,  so  that  10  parts  of  the  solution 
contain  1  of  the  dry  salt.  The  precipitates  of  the  alkaloids  are 
as  lollows : — 


Aniline, 

Morphine,  . 

Narcotine,  . 

Quinine, 

Cinchonine, 

Codeine, 

Strychnine, 

Brucine, 

Veratrine,  . 

Jervine, 

Aconitine,  . 

Emetine, 

Theine, 

Theobromine, 

iSolanine, 

Atropine,  . 

Hyoscyamine, 

Colchicine,  . 

Delphinine, 

Berberine,  . 

Coniine, 

Nicotine, 

Piperine, 


Bright-yellow,  flocculent. 

)>  ,, 
Brownish-yellow,  ,, 
Whitish-yellow,  „ 

Brownish-yellow,  voluminous. 
White-yellow, 
Yelk-yellow,  flocculent. 
Bright-yellow,  ,, 

j>  >> 
>>  )> 

Bnght-yellow,  voluminous. 

"  " 
Citron-yellow,  pulverulent. 

Bright-yellow,  flocculent. 

I'  )) 
Orange-yellow,  ,, 
Gray-yellow,  voluminous. 
Dirty-yellow,  flocculent. 
Bright-yellow,  voluminous. 

Brownish-yellow,  flocculent. 


(2.)  Silico-Tungstic  Acid  as  a  Reagent  for  Alkaloids. — Sodium 
tungstate  is  boiled  with  freshly  precipitated  gelatinous  silica. 
To  the  solution  is  added  mercurous  nitrate,  which  precipitates 
the  yellow  mercurous  silico-tungstate.  This  is  filtered,  well 
washed,  and  decomposed  by  an  equivalent  quantity  of  hydro- 
chloric acid ;  silico-tungstic  acid  then  goes  into  solution,  and 
mercurous  chloride  (calomel)  remains  behind.  The  clear  filtrate 
is  evaporated  to  drive  off  the  excess  of  hydrochloric  acid,  and 
furnishes,  on  spontaneous  evaporation,  large,  shining,  colourless 
octahedra  of  silico-tungstic  acid,  which  effloresce  in  the  air,  melt 
at  36°,  and  are  easily  soluble  in  water  or  alcohol. 

This  agent  produces  no  insoluble  precipitate  with  any  metallic 
salt.  Ccesium  and  rubidium  salts,  even  in  dilute  solutions,  are 
precipitated  by  it ;  neutral  solutions  of  ammonium  chloride  give 
with  it  a  white  precipitate,  soluble  with  difficulty  in  large  quan- 
tities of  water.  It  precipitates  solutions  of  the  salts  of  quinine, 
cinchonine,  morphine,  atropine,  &c. ;  if  in  extremely  dilute 
solution,  an  opalescence  only  is  produced :  for  instance,  it  has 
been  observed  that  cinchonine  hydrochlorate  in  ooo^oom  l^ii^i''' 
hydrochlorate  in  ^^j^^,  morphia  hydrochlorate  in  jxisT  dilution, 
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all  gave  a  distinct  opalescence.    (Archiv  der  Pharvi.,  Nov.,  Dr. 

Eichard  Godeffroy.)  .  •  7 

(3.)  ScheiUer's  Method  for  Alkaloids:  Phosflio-TungsUc  Acid.— 
Ordinary  commercial  sodium  tungstate  is  digested  with  half  its 
weight  of  phosphoric  acid,  specific  gravity  MS,  and  the  whole 
allowed  to  stand  for  some  days,  when  the  acid  separates  m 
crystals.  A  solution  of  these  crystals  will  give  a  distinct  pre- 
cipitate with  the  most  minute  quantities  of  alkaloids, 

2  0  6*0  0  0 

strychnine,  and  xWtnnr  of  quinine.  The  alkaloid  is  liberated  by 
digestion  with  barium  hydrate  (or  calcium  hydrate) ;  and  if 
volatile,  may  be  distilled  ofi^;  if  fixed,  dissolved  out  by  chloro- 
form. In  complex  mixtures,  colouring-matter  may  be  removed 
by  plumbic  acetate,  the  lead  thrown  out  by  SH2,  and  concen- 
trated, so  as  to  remove  the  excess  of  SHg. 

§  272.  Frohde's  Reagent. — This  is  a  colour  reagent,  and  is 
made  by  dissolving  1  part  of  sodic  molybdate  in  10  parts  of 
strong  sulphuric  acid. 

§  273.  Stas's  Progess. — The  original  method  of  Stas*  (after- 
wards modified  by  Otto),t  consisted  in  extraction  of  the  organic 
matters  by  strong  alcohol,  with  the  addition  of  tartaric  acid ;  the 
filtered  solution  was  then  carefully  neutralised  with  soda,  and 
shaken  up  with  ether,  the  ethereal  solution  being  separated  by  a 
pipette.  Subsequent  chemists  proposed  chloroform  instead  of 
ether,  J  the  additional  use  of  amyl-alcohol,  §  and  the  substitution 
of  acetic,  hydrochloric,  and  sulphuric  for  tartaric  acid. 


METHODS  OF  SEPAEATION. 

§  274.  Selmi's  Process  for  Separating  Alkaloids. — A  method  of 
separating  alkaloids  from  an  ethereal  solution  has  been  recently 
proposed  by  Selmi.|l  The  alcoholic  extract  of  the  viscera, 
acidified  and  filtered,  is  evaporated  at  65°;  the  residue  taken 
up  with  water,  filtered,  and  decolorised  by  basic  acetate  of  lead. 
The  lead  is  thrown  out  by  sulphuretted  hydrogen ;  the  solution, 
after  concentration,  repeatedly  extracted  with  ether ;  and  the 
ethereal  solution  saturated  with  dry  OOg,  which  generally 
precipitates  some  of  the  alkaloids.    The  ethereal  solution  is  then 

*  Annal.  d.  Chem.  u.  PJiarm.,  84.  379. 
■  t  Jb.  100.  44.    Anleitung  zur  Ausmittel.  d.  Oifte. 

t  Rodgers  and  Girwood,  Pharm.  Journ.  and  Trans.,  16.  497 ;  ProUin's 
Cliem.  Centralb.,  1857,  231;  Thomas,  Zeitschr.  fur  AnahjL  Chem.  L,  517, 
&c. 

§  Erdmann  and  v.  Ushlar,  Ann.  Chem.  Pharm.,  cxx.,  pp.  121-360. 
II  F.  Selmi,  Gazett.  Chim.  Hal,  vj.  153-166,  and  Journ.  Chem.  Soc,  i. 
1877,  93.  '  * 
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poured  into  a  clean  vessel,  and  mixed  with  about  half  its  volume 
ot  water  through  which  a  current  of  00^  is  passed  for  20 
minutes;  this  may  cause  the  precipitation  of  other  alkaloids  not 
thrown  down  by  dry  OO^.  If  the  whole  of  the  alkaloids  are  not 
obtained  by  these  means,  the  solution  is  dehydrated  by  amtation 
"^ii  J  /    ™  ^"^^'^  solution  of  tartaric  acid  in  ether  is 

added_(care  being  taken  to  avoid  excess) ;  this  throws  down  any 
alkaloid  stm.  present.  The  detection  of  any  yet  remaining.- in 
the  viscera  is  effected  by  mixing  with  barium  hydrate  and  a  little 
water,  and  agitating  with  j)urijied  amylic  alcohol;  from  the 
alcohol  the  alkaloids  may  be  subsequently  extracted  by  agitation 
with  very  dilute  sulphuric  acid. 

Another  ingenious  method  (also  the  suggestion  of  Selmi)  is  to" 
treat  the  organic  substance  with  alcohol,  to  which  a  little 
sulphuric  acid  has  been  added,  to  filter,  digest  with  alcohol 
and  refilter.  The  filtrates. are  united,  evaporated  down  to  a- 
smaller  bulk,  filtered,  concentrated  to  a  syrup,  alkalised  by 
barium  hydrate,  and  after  the  addition  of  freshly  ignited  barium 
oxide  and  some  powdered  glass,  exhausted  with  dry  ether ;  the 
ether  filtered,  the  filtrate  digested  with  lead  hydrate;  the 
ethereal  solution  filtered,  evaporated  to  dryness,  and  finally 
again  taken  up  with  ether,  which,  this  time,  should  leave  on 
evaporation  the  alkaloid  almost  pure. 

§  276.  Dragendorffs  Process.— To  Dragendorff  we  owe  an 
elaborate  general  method  of  separation,  since  it  is  applicable,  not 
only  to  alkaloids,  but  to  glucosides,  and  other  active  principles 
derived  from  plants.  His  process  is  essentially  a  combination 
of  those  already  known,  and  its  distinctive  features  are  the 
shaking  up — (1.)  of  the  acid  fluid  with  the  solvent,  thus 
removing  colouring-matters  and  certain  non-alkaloidal  principles ; 
and  (2.)  of  the  same  fluid  made  alkaline.  The  following  is  his 
method  in  full.  It  may  be  advantageously  used'  when  the 
analyst  has  to  search  generally  for  vegetable  poison,  although  it 
is,  of  course,  far  too  elaborate  for  every  case ;  and  where  from 
any  circumstance  there  is  good  ground  for  suspecting  the  presence 
of  one  or  two  particular  alkaloids  or  poisons,  the  process  may  be 
much  shortened  and  modified.* 

I.  The  substance,  in  as  finely-divided  form  as  possible,  is  ■ 
digested  for  a  few  hours  in  water  acidified  Avith  sulphuric  acid, 
at  a  temperature  of  40°  to  50°,  and  this  operation  is  repeated, 
two  or  three  times,  with  filtering  and  pressing  of  the  substances ; 
later,  the  extracts  are  united.    This  treatment  (if  the  temperature 


*  TtTR^endovTs  Gerichilicli-chemische  JSrmittelung  von.Gi/ten.  St.  Peters- 
burg, 1876,  p.  141. 
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mentioned  is  not  exceeded)  does  not  decompose  the  majority  of 
alkaloids  or  other  active  substances ;  but  there  are  a  few  (e  g 
solanine  and  colchicine)  which  would  be  altered  by  it;  and  it 
such  are  suspected,  maceration  at  the  common  _  temperature  is 
necessary,  with  substitution  of  acetic  for  sulphuric  acid.*  . 

II  The  extract  is  next  evaporated  until  it  begins  to  be  et  a 
syrupy  consistence ;  the  residue  mixed  with  three  to  four  times 
its  volume  of  alcohol,  macerated  for  twenty-four  hours,  at  about 
34°  allowed  to  become  quite  cool,  and  filtered  from  the  foreign 
matters  which  have  separated.  The  residue  is  washed  with 
alcohol  of  70  per  cent.  j.t, 

III.-  The  filtrate  is  freed  from  alcohol  by  distillation,  tne 
watery  residue '  poured  into  a  capacious  flask,  diluted  (if  neces- 
sary) with  water,  and  filtered.  Acid  as  it  is,  it  is  extracted  at 
the  common  temperature,  with  frequent  shaking,  by  freshly- 
rectified  petroleum  ether;  and  after  the  fluids  have  again 
separated,  the  petroleum  ether  is  removed,  carrying  with  it 
certain  impurities  (colouring  matter,  &c.),  which  are  in  this  way 
advantageously  displaced.  By  this  operation  ethereal  oils, 
carbolic  acid,  picric  acid,  &c.,  which  have  not  been  distilled, 
besides  piperin,  may  also  be  separated.  The  shaking  up  with 
petroleum  ether  is  repeated  several  times  (as  long  as  -anything 
remains  to  be  dissolved),  and  the  products  are  evaporated  on 
several  watch-glasses. 


RESIDUE  OF  PETROLEUM  ETHER  FROM  THE  ACID  SOLUTION. 


1.   It  is  Crystal-    2.  It  is  Amorphous.    3.  It  is  Volatile, 
LINE.  with  a  power 

ful  odour:  ethC' 
real  oil,  carbolic 
acid,  die. 


A.  It  is  yellowish, 
and  with  difficulty 
volatilised. 

a.  The  crystals 
are  dissolved  by  con- 
centrated sulphuric 
acid,  with  the  pro- 
duction  of  a  clear 


A.  It  is  fixed. 


a.  Concentrated 
sulphuric  acid  dis- 
solves it  imme- 
diately— violet,  and 
later  greenish-blue. 


*  When  blood  is  to  be  examined  it  is  better  to  dry  it,  and  then  powder 
and  extract  with  water  acidified  with  dilute  sulphuric  acid.  However,  if 
the  so-called  volatile  alkaloids  are  suspected,  this  modification  is  to  be 
omitted. 

15 
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yellow  colour,  pass-  Constituents  of  the 
mg  into  brown  and  hlack  hellebore. 

greemsh-brown. 

Piperin. 


_/3.  The  solution  in  sulphuric 
acid  remains  yellow;  potassic 
cyanide  and  caustic  potash 
colour  it,  on  warming,  blood-red. 

Picric  acid. 

B.  It  is  Colourless,  Liqui- 
fies  EASILY,  AND  SmELLS 

Strongly. 
Camphor  and  similar  matters. 


13.  It  dissolves  with  a  yellow 
colour,  changing  into  fallow- 
brown. 

Constituents  of  aconite  plant 
andjyroducts  of  the  decom- 
position of  Aconitine. 
B.    It    is    White,  Sharp- 
Tasting,    AND  Eeddens 
THE  Skin. 

Capsicioi. 


It  may  be  expected  that  the  substances  mentioned  under  the 
heads  1,  2,  and  3,  will  be,  in  general,  fully  obtained  by  degrees. 
I  his  IS  not  the  case,  however,  as  regards  piperin  and  picric  acid. 

I V .  The  watery  fluid  is  now  similarly  shaken  up  with  benzene, 
and  the  benzene  removed  and  evaporated.  Should  the  evaporated 
residue  show  signs  of  an  alkaloid  (and  especially  of  theine),  the 
watery  fluid  is  treated  several  times  with  a  fresh  mixture  of 
benzene,  till  a  little  of  the  last-obtained  benzene  extraction  leaves 
on  evaporation  no  residue.  The  benzene  extracts  are  now  united, 
and  washed  by  shaking  with  distilled  water;  again  separated 
and  filtered,  the  greater  part  of  the  benzene  distilled  from  the 
filtrate,  and  the  remainder  of  the  fluid  divided  and  evaporated 
cn  several  watch-glasses. 

_  The  evaporated  residue  may  contain  theine,  colchicine,  cubebin, 
digitalin,  cantharidin,  colocynthin,  elaterin,  caryophylline, 
absinthin,  cascarillin,  populin,  santonin,  &c.,  and  traces  of 
veratrine,  delphinine,  physostigmine,  and  berberine. 

A  remnant  of  piperin  and  picric  acid  may  remain  from  the 
previous  treatment  with  petroleutu  ether. 


THE  BENZENE  RESIDUE  FROM  THE  ACID  SOLUTION. 

1.  It  is  Crystalline.  2.  It  is  Amorphous. 

A.  Well-formed,  Colourless   A.  Colourless  or  Pale  Yel- 
Crystals.  low  Residue. 

a.  Sulphuric   acid  dissolves       a.  Sulphuric  acid  dissolves 
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the  hair-like  crystals  without 
change  of  colour;  evaporation 
with  chlorine  water,  and  subse- 
quent treatment  with  ammonia, 
gives  a  murexide  reaction. 

Theine. 

/3.  Sulphuric  acid  leaves  the 
rhombic  crystals  uncoloured. 
The  substance,  taken  up  by  oil, 
and  applied  to  the  skin,  pro- 
duces a  blister. 
I  Cantha/rdin. 
y.  Sulphuric  acid  leaves  the 
scaly  crystals  at  first  un- 
coloured, then  slowly  develops 
a  reddening.  It  does  not  blis- 
ter. Warm  alcoholic  potash-lye 
colours  it  a  transitory  red. 

Santonin. 

0.  Sulphuric  acid  colours  the 
crystals  almost  black,  whilst  it 
takes  itself  a  beautiful  red 
colour.  Cubebin. 


it  at  first  yellow ;  the  solution 
becoming  later  red.  Frbhde's 
reagent  does  not  colour  it 
violet.  Elaterin. 


/g.  Sulphuric  acid  dissolves 
red;  Frbhde's  reagent  violet- 
red  ;*  tannic  acid  does  not  pre- 
cipitate. Fojoulin. 

y.  Sulphuric  acid  dissolves  it 
extremely  red ;  Frbhde's  re- 
agent* a  beautiful  cherry-red; 
tannic  acid  precipitates  a  yel- 
lowish-white. Golocynthin. 


d.  Sulphuric  acid  colours  it 
gradually  a  beautiful  red,  whilst 
tannin  does  not  precipitate. 
Constituents  of  the  Pimento. 


B.  Crystals  Pale  to  Clear 
Yellow. 

a.  Piperin. 


/3.  Picric  Acid. 


y.  Caustic  potash  dissolves  it 
purple.  Aloetin. 


B.  Pure  Yellow  Residue. 

a.  Sulphuric  acid  dissolves  it 
yellow;  on  the  addition  of  nitric 
acid,  this  solution  is  green, 
quickly  changing  to  blue  and 
violet.  Colchicine. 

j8.  Sulphuric  acid  dissolves 
with  separation  of  a  violet 
powder;  caustic  potash  colours 
it  red ;  sulphide  of  ammonia 
violet,  and,  by  heating,  indigo- 
blue.  Chrysanimio  acid. 


*  Frohde's  reagent  is  described  at  page  223. 
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0.  Mostly  IJndefined  Colour- 
less Crystals. 


a.  Sulphuric  acid  dissolves  it 
green  brown;  bromine  colours 
this  solution  red ;  dilution  with 
water  again  green.  The  sub- 
stance renders  the  heart-action 
of  a  frog  slower.  Digitalin. 

fi.  Sulphuric  acid  dissolves  it 
orange,  then  brown,  lastly  red- 
violet.  Nitric  acid  dissolves  it 
yellow,  and  water  separates  as 
a  jelly  out  of  the  latter  solution. 
Sulphuric  acid  and  bromine  do 
not  colour  it  red.  Gratiolin. 

y.  Sulphuric  acid  dissolves  it 
red-brown.  Bromine  produces 
in  this  solution  red-violet 
stripes.  It  does  not  act  on 
Cascarillin. 


frogs. 


0.  A  Greenish  Bitter  Re- 
sidue, which  dissolves  brown 
in  concentrated  sulphuric  acid  ; 
in  Frohde's  reagent,  likewise,  at 
first  brown,  then  at  the  edge 
green,  changing  into  blue-violet, 
and  lastly  violet. 

Constituents  of  wormwood, 
with  absynthin,  besides 
quassiin,  menyanthin, 
ericolin,  daphnin,  cnicin, 
and  others. 


D.  Generally  Undefined  Yellow  Crystallisation. — Sul- 
phuric acid  dissolves  it  olive  green.  The  alcoholic  solution  gives 
with  potassic  iodide  a  colourless  and  green  crystalline  precipi- 
tate. Berberin. 

V.  As  a  complete  exhaustion  of  the  watery  solution  is  not  yet 
attained  by  the  benzene  agency,  another  solvent  is  tried. 


THE  WATERY  SOLUTION  IS  NOW  EXTRACTED  IN  THE  SAME 
WAY  BY  CHLOROFORM. 


In  chloroform  the  following  substances  ai'e  especially  taken 
up ; — Theobromine,  narceine,  papaverine,  cinchonine,  jervine,  be- 
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sides  picrotoxin,  syringin,  digitalin,  helleborin,  convallamarin, 
saponin,  senegin,  smilacin.  Lastly,  portions  of  the  bodies  named 
in  Process  IV.,  which  benzene  failed  to  extract  entirely,  enter 
into  solution,  as  well  as  traces  of  brucine,  narcotine,  physostig- 
mine,  veratrine,  delphinine.  The  evaporation  of  the  chloroform 
is  conducted  at  the  ordinary  temperature  in  four  or  five  watch- 
glasses. 


THE  CHLOROFORM  RESIDUE  FROM  THE  ACID  SOLUTION. 


1.  The  Residue  is  more  qr 
less  markedly  crystal- 
LINE. 

A.  It  gives  in  the  sulphuric 
acid  solution  evidence  of  an  alka- 
loid by  its  action  towards  iodine 
and  iodide  of  potash. 


a.  Sulphuric  acid  dissolves 
it  without  the  production  of 
colour,  and  chlorine  and  am- 
monia give  no  murexide  re- 
action. Cinchonine. 

13.  Sulphuric  acid  dissolves  it 
without  colour,  chlorine  and 
ammonia  give,  as  with  theine,  a 
murexide  reaction. 

Theobromine. 


The  Residue 

.  PHOUS. 


IS  Amor- 


A.  In  acetic  acid  solution  it 
renders  the  action  of  the  frog's 
heart  slower,  or  pirodiLces  local 
ancBsthesia. 

aa.  It  does  not  produce  local 
anagsthesia. 

a.  Sulphuric  acid  dissolves  it 
red-brown,  bromine  produces  a 
beautiful  purple  colour,  water 
changes  it  into  green,  hydro- 
chloric acid  dissolves  it  greenish- 
hrown.  Digitalin. 

(3.  Sulphuric  acid  dissolves  it 
yellow,  then  brown-red;  on 
addition  of  water  this  solution 
becomes  violet.  Hydrochloric 
acid,  on  warming,  dissolves  it 
red.  Convallamarin. 

bb.  It  produces  local  an- 
aesthesia. 

a.  Sulphuric  acid  dissolves  it 
brown.  The  solution  becomes, 
by  extracting  with  water,  violet, 
and  can  even  be  diluted  with 
two  volumes  of  water  without 
losing  its  colour.  Saponin. 

&.  Sulphuric  acid  dissolves  it 
yellow.  On  diluting  with  water 
the  same  reaction  occurs  as  in 
the  previous  case,  but  more 
feebly.  Senegin. 


230 


POISONS  :   THEIR  EFFECTS  AND  DETECTION. 


[§  275. 


y.  Sulphuric  acid  does  not 
colour  in  the  cold ;  on  warming, 
the  solution  becomes  a  blue 
violet.  Papaverine. 


d.  Sulphuric  acid  dissolves  it 
in  the  cold  with  the  production 
of  a  blue  colour. 

Unknown  impurities,  many 
commercial  samples  of 
Papaverine. 

i.  Sulphuric  acid  dissolves  it 
at  first  grey-brown ;  the  solu- 
tion becomes  in  about  twenty- 
four  hours  blood-red.  Iodine 
water  colours  it  blue. 

Narceine. 

B.  It  gives  no  Alkaloid 
Reaction. 


a.  Sulphuric  acid  dissolves 
it  with  a  beautiful  yellow 
colour ;  mixed  with  nitre,  then 
moistened  with  sulphuric  acid, 
and  lastly  treated  with  con- 
centrated soda-lye,  it  is  coloured 
a  brick-red.  Picrotoxin. 

13.  Sulphuric  acid  dissolves  it 
with  the  production  of  a  splen- 
did red  colour.  The  substance 
renders  the  heart-action  of  a 
frog  slower.  Helleborin. 


y.  Sulphuric  acid  dissolves 
brown,  and  the  solution  be- 
comes red  by  the  addition  of  a 
little  water.  The  action  is  very 
weak.  Smilacin. 

cc.  Sulphuric  acid  dissolves 
it  with  the  production  of  a 
dirty  red,  hydrochloric  acid, 
in  the  cold,  with  that  of  a  red- 
dish-brown colour,  and  the  last 
solution  becomes  brown  on 
boiling. 

Constituents  of  the  hellebore, 
particularly  Jervin. 


b.  Is  inactive,  and  becomes 
blue  by  sulphuric  acid ;  by 
Frohde's  reagent*  dark  cherry- 
red.  Hydrochloric  acid  dis- 
solves it  red.  The  solution 
becomes,  by  boiling,  colourless. 

Syringin. 


Described  at  page  223. 
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VI.  THE  WATERY  FLUID  IS  NOW  AGAIN  SHAKEN  UP 
WITH  PETROLEUM  ETHER, 

in  order  to  take  up  the  rest  of  the  cliloroform,  and  the  watery 
fluid  is  saturated  with  ammonia.  The  watery  solution  of  aconi- 
tine  and  emetin  is  liable  to  undergo,  through  free  ammonia,  a 
partial  decomposition ;  but,  on  the  other  hand,  it  is  quite  possible 
to  obtain,  with  very  small  mixtures  of  these  substances,  satisfac- 
tory reactions,  even  out  of  ammoniacal  solutions. 

Vn.  THE  AMMONIACAL  WATERY  FLUID  WITH 
PETROLEUM  ETHER. 

In  the  earlier  stages  Dragendorff  advises  the  shaking  up  with 
petroleum  ether  at  about  40°,  and  the  removal  of  the  ether  as 
quickly  as  possible  whilst  warm.  This  is  with  the  intention  of 
separating  by  this  fluid  strychnine,  brucine,  emetin,  quinine, 
veratrine,  &c.  Finding,  however,  that  a  full  extraction  by  petro- 
leum ether  is  either  diificult  or  not  practicable,  he  prefers,  as  we 
have  seen,  to  conclude  the  operation  by  other  agents,  coming 
back  again  upon  the  ether  for  certain  special  cases.  Such  are 
the  volatile  alkaloids ;  and  here  he  recommends  treatment  of  the 
fluid  by  cold  petroleum  ether,  taking  care  not  to  hasten  the 
removal  of  the  latter.  Strychnine  and  other  fijxed  alkaloids  are 
then  only  taken  up  in  small  quantities,  and  the  greater  portion 
remains  for  the  later  treatment  of  the  watery  fluid  by  benzene. 

A  portion  of  the  petroleum  ether,  supposed  to  contain  in  solu- 
tion volatile  alkaloids,  is  evaporated  in  two  watch-glasses ;  to  the 
one,  strong  hydrochloric  acid  is  added,  the  other  being  evaporated 
without  this  agent.  On  the  evaporation  of  the  petroleum  ether, 
it  is  seen  whether  the  first  portion  is  crystalline  or  amorphous, 
or  whether  the  second  leaves  behind  a  strongly-smelling  fluid 
mass,  which  denotes  a  volatile  alkaloid.  If  the  residue  in  both 
glasses  is  without  odour  and  fixed,  the  absence  of  volatile  acid 
and  the  presence  of  fixed  alkaloids,  strychnine,  emetin,  vera- 
trine, &c.,  are  indicated. 

THE  PETROLEUM  ETHER  RESIDUE  FROM  AMMONIACAL. 

SOLUTION. 

1.  It  is  fixed  and    2.  It  is  fixed  and    3.  It  is  fixed  and 
Crystalline.  Amorphous.  Odorous, 

A.  On  adding  to 
the  watch-glass  a  little 
hydrochloric  acid, 
crystals  are  left  be- 
hind. 


A.  The  crystals  are 
volatilised  with  diffi- 
culty. 
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aa.  Sulphuric  acid 
dissolves  it  without 
colour. 

a.  Potassic  chro- 
mate  colours  this 
solution  a  transitory 
blue,  then  red. 

Strychnine. 


/3.  Potassic  chro- 
mate  does  not  colour 
it  blue ;  with  chlo- 
rine water  and  am- 
monia it  gives  a 
green  colour. 

Quinine. 


h.  Sulphuric  acid 
dissolves  it  yellow, 
and  the  solution  be- 
comes gradually  a 
beautiful  deep  red. 

Sabadilline. 
c.    The  crystals 
are  easily  volatilised. 

Coniine. 


a.  The  purest  sul- 
phuric acid  dissolves 
it  almost  without 
colour  ;  sulphuric 
containing  nitric 
acid,  red  quickly  be- 
coming orange. 

Brucine. 

13.  Sulphuric  acid 
dissolves  it  yellow, 
becoming  deep  red. 

Veratrine. 


'  y.  Sulphuric  acid 
dissolves  it  brown- 
green  ;  Frohde's  re- 
agent red,  changing 
into  green. 

Emetin. 


a  a.  Its  solution  is 
not  precipitated  by 
platin  chloride. 

a.  The  crystals  of 
the  hydrochloric 
compound  act  on 
polarised  light ;  and 
are  mostly  needle- 
shaped  and  colum- 
nar. 

Coniine  and  Me- 

thyl-coniine 
13.    The  crystals 
are  cubical  or  tetra- 
hedral. 

A  Ikaloid from  Cap- 
sicum. 


bh.  The  solution 
of  the  hydrochlorate 
of  the  alkaloid  is 
precipitated  by 
platin  chloride. 

Sarracinin. 

b.  The  residue  of 
the  hydrochlorate  of 
the  alkaloid  is  amor- 
phous, or,  by  further 
additions   of  HOI, 
becomes  crystalline. 


aa.  Its  diluted 
aqueous  solution  is 
precipitated  by  pla- 
tin chloride. 

a.  The  hydrochlo- 
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rate  salt,  being 
quickly  treated  with 
Frohde's  reagent, 
gives  after  about  two 
minutes  a  deep  violet 
solution  which  gra- 
dually fades. 

Loheliin. 

(3.  The  hydrochlo- 
rate  smells  like  nico- 
tine, and  becomes 
by  Frohde's  reagent 
yellow,  and  after 
twenty-four  hours 
pale  red.  Nicotine. 

The  hydrochlorate 
is  without  odour, 
the  free  base  Smells 
faintly  like  aniline. 

Sparteine, 

hh.  The  substance 
is  not  precipitated 
from  a  diluted  solu- 
tion by  platin  chlo- 
ride. 

a.  Its  petroleum 
ether  solution  pro- 
duces no  turbidity 
with  a  solution  of 
picric  acid  in  pe- 
troleum ether ;  but 
it  leaves  behind, 
when  mixed  with 
the  above,  crystals 
mostly  of  three- 
sided  plates. 

Trimethylamine. 

/3.  The  petroleum 
ether  solution  gives, 
on  evaporation, 
when  treated  simi- 
larly, moss-like  crys- 
tals. The  substance 
is  made  blue  by 
chloride  of  lime,  as 
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well  as  by  diluted 
sulphuric  acid  and 
bichromate  of  pot- 
ash. Aniline. 


LEEDS  J^WEST-RIOINC 
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7.  The  alkaloid 
does  not  smell  like 
methylamine,  and  is 
not  coloured  by 
chloride  of  lime,  sul- 
phuric acid,  or  chro- 
mate  of  potash. 


Volatile  alkaloid  of 


the  Pimento. 


VIII.  THE  AMMONIACAL  SOLUTION  IS  SHAKEN  UP  WITH 

BENZENE. 

In  most  cases  petroleum  ether,  benzene,  and  chloroform,  are 
more  easily  separated  from  acid  watery  fluids  than  from  ammo- 
niacal,  benzene  and  chloroform  causing  here  a  difficulty  which 
has  perhaps  deterred  many  from  using  this  method.  Dragendorff, 
however,  maintains  that  he  has  never  examined  a  fluid  in  which 
he  could  not  obtain  a  complete  separation  of  the  benzene  and 
water.  If  the  upper  benzene  layer  is  fully  gelatinous  and  emul- 
sive, the  under  layer  of  water  is  to  be  removed  with  a  pipette  as 
far  as  possible,  and  the  benzene  with  a  few  drops  of  absolute 
alcohol  and  filtration.  As  a  rule,  the  water  goes  through  first 
alone,  and  by  the  time  the  greater  part  has  run  through,  the 
jelly  in  the  filter,  by  dint  of  stirring,  has  become  separated  from 
the  benzene,  and,  finally,  the  jelly  shrinks  up  to  a  minimum,  and 
the  clear  benzene  filters  oS".  Dragendorff"  filters  mostly  into  a 
burette,  from  which  ultimately  the  benzene  and  the  water  are 
separated. 

The  principal  alkaloids  which  are  dissolved  in  benzene  are — 
strychnine,  methyl  and  ethyl  strychnine,  brucine,  emetin,  quinine, 
cinchonine,  atropine,  hyoscyamine,  physostogmine,  aconitine, 
nepalin,  the  alkaloid  of  the  Aconitum  lycoctonum,  aconellin, 
napellin,  delphinine,  veratrine,  sabatrin,  sabadilline,  codeine, 
thebaine,  and  narcotine. 


THE  BENZENE  RESIDUE  DERIVED  FROM  THE  AMMONIACAL 

SOLUTION. 


1.  It   is   FOR   THE   MOST  PART 

Crystalline. 
a.  Sulphuric  acid  dissolves  it 


2.  It   is  FOR  THE   MOST  PART 

Amorphous. 
a.   Pure  sulphuric  acid  dis- 


§  275.] 


VEGETABLE  ALKALOIDS. 


235 


without  colour,  the  solution  be- 
ing coloured  neither  on  stand- 
ing nor  on  the  addition  of 
nitric  acid. 

aa.  It  dilates  the  pupil  of  a 
cat. 

a.  Platin  chloride  does  not 
precipitate  the  aqueous  solu- 
tion. The  sulphuric  acid  solu- 
tion gives,  on  warming,  a  pe- 
culiar smell.  Atropine. 

j3.  Platin  chloride  applied  to 
the  solution  precipitates. 

Hyoscyamine. 


bb.  It  does  not  dilate  the 
pupil. 

a.  The  sulphuric  acid  solu- 
tion becomes  blue  by  chromate 
of  potash. 

aa.  The  substance  applied  to 
a  frog  produces  tetanus. 

Strychnine. 

jSjS.  It  lowers  the  number  of 
respirations  in  a  frog. 

Ethyl  arid  Methyl  Strychnine. 

(3.  Sulphuric  acid  and  bichro- 
mate of  potash  do  not  colour  it 
blue. 

aa.  The  sulphuric  acid  watery 
solution  is  fluorescent,  and  be- 
comes green  on  the  addition  of 
chlorine  water  and  ammonia. 

Quinine  and  Ginchonine. 

(The  last  is  more  diflficult  to 
dissolve  in  petroleum  ether  than 
quinine.) 

/3/3.  The  solution  is  not  fluor- 
escent. Ginchonine. 

b.  Sulphuric  acid  dissolves  it 
at  first  colourless ;  the  solution 
takes  on  standing  a  rose  or 
violet-blue ;  on  addition  of  ni- 


solves  it  either  whitish-red  or 
yellowish. 


a.  The  solution  becomes  by 
nitric  acid  immediately  red, 
then  quickly  orange.  Brucine. 


13.  The  solution  becomes  by 
little  and  little  brownish-red. 
The  substance  is  coloured  red 
by  chloride  of  lime  solution, 
and  it  contracts  the  pupil. 

Pliysostogmine. 


b.  Pure  sulphuric  acid  dis- 
solves it  yellow,  and  the  solu- 
tion becomes  later  beautiful  red 
(with  delphinine,  more  quickly 
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trie  acid,  a  blood-red  or  brown 
coloration. 

a.  A  solution  in  diluted  sul- 
phuric acid  becomes,  on  heating, 
gradually  deep  blood-red,  and, 
when  cooled,  violet,  with  nitric 
acid.  The  aqueous  solution  is 
precipitated  by  ammonia. 

Narcotine. 


13.  The  solution  in  diluted 
sulphuric  acid  becomes,  on 
heating,  a  beautiful  blue.  Ex- 
cess of  ammonia  does  not  pre- 
cipitate in  a  diluted  watery 
solution.  Codeine. 

c.  Sulphuric  acid  dissolves 
it  with  the  production  of  a 
yellow  colour. 

a.  The  solution  remains  yel- 
low on  standing.  _Acolyctin. 


/5.  It  becomes  beautifully  red. 

Sahadilline. 


d.  Sulphuric  acid  dissolves  it 
with  an  immediate  deep  red- 
brown  colour.  Thehaine. 


e.  Sulphuric  acid  dissolves  it 


a  darker  cherry-red). 


a. 


_  The  hydrochloric  acid 
solution  becomes  red  on  heat- 


aa.  The  substance  acts  on  a 
frog,  causing,  in  large  doses, 
tetanus.  Veratrine. 

It  is  almost  without  action 
on  frogs.  Sahatrin. 

(3.  The  hydrochloric  acid  solu- 
tion does  not,  on  heating,  be- 
come red.  Belphinine. 


c.  Pure  sulphuric  acid  dis- 
solves it  yellow,  and  the  solu- 
tion becomes  later  red-brown, 
and  gradually  violet-red. 

a.  The  substance  even  in 
small  doses  paralyses  frogs,  and 
dilates  the  pupil  of  a  cat's  eye. 
Ether  dissolves  it  with  diffi- 
culty. J^epalin. 

/3.  It  is  easily  soluble  in  ether, 
its  effects  are  not  so  marked, 
and  it  does  not  dilate  the  pupil. 

Aconitme. 

Its  effects  are  still  feeble ;  it 
does  not  dilate  the  pupil,  and 
is  with  difficulty  dissolved  by 
ether.  Najiellin. 

d.  Sulphuric  acid  dissolves  it 
with  a  dark  green  colour,  and 
the  solution  becomes,  even  after 
a  few  seconds,  a  beautiful  blood- 
red. 

Alkaloidal  substances  out  of 
the  Aconitum  lycoctonum. 

e.  Sulphuric  acid  dissolves  it 
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immediately  blue.  brown-green,  and  Frohde'.s  re- 

Stihstances  accompanying  the    agent  red,  becoming  beautifully 
Papaverins.  green.  Emetin. 


IX.  SHAiQNG  OF  THE  AMMONIACAL  WATERY  SOLUTION 
WITH  CHLOROFORM. 

This  extracts  the  remainder  of  the  cinclionine  and  papaverine, 
narceine,  and  a  small  portion  of  morphine,  as  well  as  an  alkaloid 
from  the  celandine. 

The  Residue  from  the  Ohloroform. 

aa.  The  solution,  on  warming,  is  only  slightly  coloured. 

a.  But  after  it  is  again  cooled,  it  strikes  with  nitric  acid  a 
violet-blue ;  chloride  of  iron  mixed  with  the  substance  gives  a 
blue  colour ;  Frohde's  reagent  also  dissolves  it  violet. 

Morphine. 

li.  It  is  not  coloured  by  nitric  acid ;  it  is  also  indifferent  to 
chloride  of  iron.  Cinchonine. 
bb.  The  solution  becomes  by  warming  violet-blue. 

Papaverine. 

b.  Sulphuric  acid  dissolves  it  greenish-brown,  and  the  solution 
becomes,  on  standing,  blood-red.  Narceine. 

c.  Sulphuric  acid  dissolves  it  a  violet-blue. 

Alkaloidal  constituent  of  the  Celandine. 


X.  SHAKING  UP  OF  THE  WATERY  FLUID  WITH  AMYL 

ALCOHOL. 

From  this  process,  besides  morphine  and  solanine,  as  well  as 
salicin,  the  remnants  of  the  convallamarin,  saponine,  senegin, 
and  narceine,  are  also  to  be  expected. 


The  Amyl  Alcohol  Eesidue. 

a.  Sulphuric  acid  dissolves  it  without  colour  in  the  cold. 

T   „  1  1     •  Morjohine  (see  above). 

6.  Sulphuric  acid  dissolves  it  with  the  production  of  a  clear 
yellow-red,  and  the  solution  becomes  brownish.  Iodine  water 
colours  It  a  deep  brown.    The  alcoholic  solution  gelatinises. 

Solanine. 
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c.  Sulphuric  acid  dissolves  it  green-brown,  becoming  red. 

Narceine  (see  above). 

d.  Sulphuric  acid  dissolves  it  yellow,  then  brown-red,  becoming 
violet  on  dilution  with  water.  Hydrochloric  acid  dissolves  it^ 
and  it  becomes  red  on  warming.  It  stops  the  heart-action  in  the 
systole.  Gonvallamarin. 

/3.  Hydrochloric  acid  dissolves  it  for  the  most  part  without 
colour.  JSajJonin. 
y.  As  the  foregoing,  but  acting  more  feebly. 

Senegin. 

'e.  Sulphuric  acid  dissolves  it  immediately  a  pure  red.  On 
warming  with  sulphuric  acid  and  bichromate  of  potash,  a  smell 
of  salicylic  acid  is  developed.  Salicin. 


XI.  DRYING  THE  WATERY  FLUID  WITH  THE  ADDITION  OP 
POWDERED  GLASS,  AND  EXTRACTION  OP  THE  PINELY- 
DIVIDED  RESIDUE  Bl^  CHLOROPORM. 

The  residue  of  the  first  chloroform  extract  lessens  the  number 
of  respirations  of  a  frog ;  the  residue  of  the  second  and  third 
chloroform  extract  becomes,  by  sulphuric  acid  and  bichromate  of 
potash,  blue,  passing  into  a  permanent  red. 

Another  portion  of  this  residue  becomes  red  on  warming  with 
diluted  sulphuric  acid.  Curarine. 

Shorter  Process  for  Separating  some  op  the  Alkaloids. 

§  276.  A  shorter  process,  recommended  conditionally  by 
Dragendorff,  for  brucine,  strychnine,  quinine,  cinchonine,  and 
emetin,  is  as  follows  : — 

The  substance,  if  necessary,  is  finely  divided,  and  treated  with 
sulphuric  acid  (dilute)  until  it  has  a  marked  acid  reaction.  To 
every  100  cc.  of  the  pulp  (which  has  been  diluted  with  distilled 
water  to  admit  of  its  being  filtered  later),  at  least  5  to  10  cc.  of 
diluted  sulphuric  acid  (1:5)  are  added.  It  is  digested  at  50° 
for  a  few  hours,  filtered,  and  the  residue  treated  again  with 
100  cc.  of  water  at  50°.  This  extract  is,  after  a  few  hours,  again 
filtered  ;  both  the  filtrates  are  mixed  and  evaporated  in  the 
water-bath  to  almost  the  consistency  of  a  thin  syrup.  The  fluid, 
however,  must  not  be  concentrated  too  much,  or  fully  evaporated 
to  dryness.  The  residue  is  now  placed  in  a  flask,  and  treated 
with  three  to  four  times  its  volume  of  alcohol  of  90  to  95  per 
cent. ;  the  mixture  is  macerated  for  twenty-four  hours,  and  then 
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filtered.  The  filtrate  is  distilled  alcohol-free,  or  nearly  so,  but 
a  small  amount  of  alcohol  remaining  is  not  objectionable.  The 
watery  fluid  is  diluted  to  about  50  cc,  and  treated  with  pure 
benzene;  the  mixture  is  shaken,  and  after  a  little  time  the 
benzene  removed — an  operation  which  is  repeated.  After  the 
removal  the  second  time  of  the  benzene,  the  watery  fluid  is  made 
alkaline  with  ammonia,  warmed  to  40°  or  50°,  and  the  free 
alkaloid  extracted  by  twice  shaking  it  up  with  two  different 
applications  of  benzene.  On  evaporation  of  the  latter,  if  the 
alkaloid  is  not  left  pure,  it  can  be  dissolved  in  acid,  precipitated 
by  ammonia,  and  again  extracted  by  benzene.  See  also  the 
process  recommended  at  page  223. 

§  277.  Scheibler's  Process. — A  method  very  different  from  those 
just  described  is  one  practised  by  Scheibler.  This  is  to  precipi- 
tate the  phosphotungstate  of  the  alkaloid,  and  then  to  liberate 
the  latter  by  digesting  the  precipitate  with  either  hydrate  of 
barium  or  hydrate  of  calcium,  dissolving  it  out  by  chloroform,  or, 
if  volatile,  by  simple  distillation.  The  convenience  of  Scheibler's 
process  is  great,  and  it  admits  of  very  general  application.  In 
complex  mixtures,  it  will  usually  be  found  best  to  precede  the 
addition  of  phosphotungstic  acid  *  by  that  of  acetate  of  lead,  in 
order  to  remove  colouring  matter,  &c. ;  the  excess  of  lead  must 
in  its  turn  be  thrown  out  by  SHg,  and  the  excess  of  SHg  be  got 
rid  of  by  evaporation.  Phosphotungstic  acid  is  a  very  delicate 
test  for  the  alkaloids,  giving  a  distinct  precipitate  with  the  most 
minute  quantities  (300^000  strychnine  and  p q''^ ^ ^  of  quinine). 
A  very  similar  method  is  practised  by  Sonnenschein  and  others 
with  the  aid  of  phosphomolybdic.  acid.  The  details  of  Scheibler's 
process  are  as  foUowe  : — 

The  organic  mixture  is  repeatedly  extracted  by  water  strongly 
acidified  with  sulphuric  acid ;  the  extract  is  evaporated  at  30°  to 
the  consistence  of  a  thin  syrup,  then  diluted  with  water,  and, 
after  several  hours'  standing,  filtered  in  a  cool  place.  To  the 
filtered  fluid  phosphotungstic  acid  is  added  in  excess,  the  preci- 
pitate filtered,  washed  with  water  to  which  some  phosphotungstic 
acid  and  HNg  have  been  added,  and,  whilst  still  moist,  rinsed 
into  a  flask.  Caustic  baryta  or  carbonate  of  potash  is  added  to 
alkaline  reaction,  and  after  the  flask  has  been  connected  with 
bulbs  containing  HOI,  it  is  heated  at  first  slowly,  then  more 
strongly.    Ammonia  and  any  volatile  alkaloids  are  driven  over 


The  method  of  preparing  this  reagent  is  as  follows  :— Ordinary  commer- 
cial sodium  tungstate  is  treated  with  half  its  weight  of  phosphoric  acid 
specific  gravity  1-13,  and  then  allowed  to  stand  for  some  days.  Phospho- 
tungstic acid  separates  in  crystals. 
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into  the  acid,  and  are  there  fixed,  and  can  be  examined  later 
by  suitable  methods.  The  residue  in  the  flask  is  carefully 
evaporated  to  dryness  (the  excess  of  baryta  having  been  pre- 
cipitated by  OO2),  and  then  extracted  by  strong  alcohol.  On 
evaporation  of  the  alcohol,  the  alkaloid  is  generally  sufficiently 
pure  to  be  examined,  or,  if  not  so,  it  may  be  obtained  pure  by 
re-solution,  &c. 

I  have  had  considerable  experience  of  Scheibler's  process,  and 
have  used  it  in  precipitating  various  animal  fluids,  but  have 
generally  found  the  precipitate  bulky  and  difficult  to  manage. 

§  278.  Identification  of  the  Alkaloids. — Having  obtained,  in  one 
■way  or  other,  a  crystalline  or  amorphous  substance,  supposed  to 
be  an  alkaloid,  or,  at  all  events,  an  active  vegetable  principle, 
the  next  step  is  to  identify  it.  If  the  tests  given  in  Dragendorff"s 
process  have  been  applied,  the  observer  will  have  already  gone  a 
good  way  towards  the  identification  of  the  substance ;  but  it  is, 
of  course,  dangerous  to  trust  to  one  reaction. 
=  In  medico-legal  researches  there  is  seldom  any  considerable 
quantity  of  the  material  to  work  upon.  Hence  the  greatest  care 
must  be  taken  from  the  commencement  not  to  waste  the  sub- 
stance in  useless  tests,  but  to  study  well  at  the  outset  what — by 
the  method  of  extraction  used,  the  microscopic  appearance,  the 
reaction  to  litmus  paper,  and  the  solubility  in  different  menstrua 

 it  is  likely  to  be.    However  minute  the  quantity  may  be,  it  is 

essential  to  divide  it  into  diff'erent  parts,  in  ord(jr  to  apply  a 
variety -of  tests  ;  but  as  any  attempt  to  do  this  on  the  solid  sub- 
stance will  probably  entail  loss,  the  best  way  is  to  dissolve  it  m 
a  watch-glass  in  half  a  cc.  of  alcohol,  ether,  or  other  suitable 
solvent.  Droplets  of  this  solution  are  then  placed  on  watch- 
o-lasses  or  slips  of  microscopic  glass,  and  to  these  drops,  by  the 
aid  of  a  glass  rod,  diff'erent  reagents  can  be  applied,  and  the 
changes  watched  under  the  microscope  as  the  drops  slowly 

evaporate.  ~  ,       ^  .  ,  1, 

§  279.  Golour  i^eaciions.— Alkaloids,  when  fairly  pure,  have 
certain  colour  reactions  more  or  less  characteristic,  when  the 
solid  substance  is  mixed  with  the  mineral  acids,  Frbhde  s  reagent, 
sulphuric  acid,  and  potassic  bichromate.  The  following  table 
gives  a  summary  of  the  more  important  results  of  these  tests. 
Colour  reactions  generally  are  untrustworthy,  but  must  be 
looked  upon  as  useful  guides  only,  to  be  confirmed  by  the  othei 
characteristics  of  the  substance  :—  , 
8  280.  Sublimation  of  the  Alkalouls.-A  very  beautiful  and 
elegant  aid  to  the  identification  of  alkaloids  and  vegetable 
principles  generally,  is  their  behaviour  towards  heat. 

Alkaloicfs,  glucosides,  the  organic  acids,  &c.,  when  carefully 


COLOUB   REACTIONS   OF   SEVERAL  ALKALOIDS. 


^      Pure  Sulphuric  Acid 

Nordhauseu  Sulphuric 
Acid, 

i   :  :  

Sulphuric  .■Vcid 
and 
Sugar. 

Frohde*6  lieagent. 

Nitric  Acid. 

Oonosntrated 
HydrooMorio  Acid. 

Sulphuric  Acid 
and 

Potassio  Bichromate. 

ACONITINE. 

i' 

ul ikUilU'l  I^V  Vll/ltJl. 

'Pha  cam  a 

Bflaatttol  red. 

Yellow-brown. 

Red-brown. 

Colourless. 

ATROPINE. 
BEBBEBINE. 

Olive-green. 

• 

rtnl  mi  i>1  n  dfl 

Olive  green. 

Oolourlese;  atropine  sul- 
phtte,  violet,  gradually 
betioming  brown. 

Colourless. 
Brown-green. 

Colourless. 
Brown-red, 

ColourlesB. 

Dirty  coloured. 

nitUCINE. 

Colourless. 

Red. 

Colourless. 

Rod. 

Bed. 

Odourless. 

Orange. 

CHELIDONINB. 

ColourlesB. 

Green. 

OINCHONINE. 

Colourlossi 

Colourless. 

Colourless. 

CINCHONIDINE. 

Colourless. 

Colourless. 

... 

■  Or.CHlCEIN. 

I 

Yellow. 

Blue. 

Yellow. 

Yellow. 

Blue. 

Oolonrless. 

■  Qreen-browa. 

CONIINE. 

OoIouriesB> 

Colourless. 

OoloOTless. 

OURARINE. 

Red. 

Red 

Red. 

Blue,  then  violet,  then  red. 

DELPHININE. 
DELPHINOIDINE. 

Colourless. 
Bed. 

ColourleaB. 
Red. 

ColourlesB. 
Greeq. 

I 

Blood-red.  ) 

- 

Remains  clear. 

E.METIN. 

Brown-green. 

Brown-green. 

Red,  then  green. 

Blood-red, 

Browne 

HYOSCYAMINE. 

ColoarlesG. 

Colourless. 

Colourless;  atropine  sul- 
phate, violet,  gradually 
be>»mlng  brown. 

Colourless. 

Colourless. 

Colourless. 

Dirty  colouFed. 

J  EE  VINE 

Tellow,  then  bright  greea. 

Yellow,  then  bright  green. 

... 

Colourless, 

Colourless. 

CODEINE. 

Colourless. 

Gradually  blue. 

Bed. 

Gradually  deep  blue. 

Yellow. 

Oiivv. -green. 

IIOKPHINE 

1 

Colourless  or  very  faiut 
pink. 

Violet. 

Fine  rose  colour,  passing 
into  violet. 

Violet. 

Yellow 

Colourless. 

NAEOEINE. 

i 

1 

Qr&dually  gray,  then  blood- 
red 

Yellow,  then  orange. 

BrowD,  green,  red,  an<t 
blue. 

Colourless. 

NAKCOTINB. 

Gradually  red. 

Beddish-Tiolet. 

Colourless. 

NICOTINE. 

C\i\\  f\n  r1  ACQ 
KJUlVUtlXioa, 

Colourless. 

Goloarless. 

Colourless. 

PAPAVERINE. 

Colourless. 

Colourless. 

Orange. 

Colourless. 

PHYSOSTIGMINE. 

1 

Gradually  red. 

Gradually  red. 

... 

Red. 

Reddish. 

PI  IXICAUPINE. 

Colour1es». 

Colourless. 

Green 

PII'KIilNE. 

Qr&dnaMy  green. 

Gradually  Kieen. 

Yellow,  then  brown. 

Orange. 

QUININE. 

Colourless. 

Oolonrless. 

Colourless. 

Greenish. 

SAiSADILl-INK. 

Beautiful  f?hei  ry-r6<l- 

Cherry-red. 

Gradually  red-violet. 

Grtidiiallj'  red. 

Violet-yellow. 

Wine-red. 

SOLAN  INK. 

Clear  i-ed. 

Clear  red. 

Blue  at  the  edge. 

STAI'HISAGBINE. 
-  I  KY<  IJN1NE. 

Colour  leB8. 
OolourleBS, 

Colourless. 
Colourless. 

Brown. 

ColourlesK. 

Violet-brown, 

Colourless. 

Blue,  then  Quiclcly  violet 
and  red. 

r  AX  I.N 

Hed. 

THALICTRINK. 

Deep  green. 

rUEINE. 
■IMKOIiilOMINK. 

\ 

Colourless. 

Colonrlesa 

Colourless. 

polourless. 

Colourless. 

Colonrless 

Oolonrlessk 

IIIEUAINE. 

Blood-red. 

Bed. 

Orange. 

Yellow. 

Yellow. 

^  EBATUINE. 
VEKATUOIDINE. 

} 

>' 

(iradually    a  beautiful 
cherry-red. 

Gradually    a  beautiful 
cherry-red. 

^Gradually  blue.  | 
(Gradually  violet.  j 

Gradually  cherry-rei. 

Yellow. 

Red. 

Bed-brown. 

Ferric  Chloride, 


In   watery  solution 
precipitated  yellow. 

Is  not  precipitated. 


Is  not  precipitated. 
Is  not  precipitated. 


Is  not  precipitated. 


Colourless. 
Blue. 


Other  Reactions 


In  hydrochloric  acid  solu- 
tion is  precipitated. 

Is  not  precipitated. 


Brown  preoipitMe. 


Is  not  precipitated. 


Gives  a  precipitate  in  HCl 

solution 


The  precipitate  with  phosphomolybdic  acid  soon  becomes  blue 
Dilates  the  pupil. 

Berberino  dissolved  in  a  little  HOI  and  a  tew  drops  of  chlorine  water  be- 
comes red.  . 

Boiling  perchloric  acid  colours  it  Madeira  red.  In  dilute  sulphuric  acid 
(1: 8)  a  little  polassic  ohromate  colours  it  a  beautiful  red, 

Cbelidonine  is  nut  poisonous— the  hydrochlorate  forms  flue  oi7stals,  solubl" 
in  324  parts  of  water,  and  precipitated  by  concentrated  HCl. 

Does  not  become  green  with  the  chlorine  ammonia  test. 

Does  not  become  green  with  the  chlorine  ammonia  test. 

The  precipitate  with  chloride  of  gold  is  quickly  decomposed  with  produc- 
tion of  a  red  colour.  The  solution  in  sulphuric  acid,  to  which  nitric  acid 
has  been  added  after  disappearance  of  the  blue  colour,  is  reddened  b» 
potash. 

Gives  a  crystalline  residue  with  HOI. 


The  sulphuric  acid  solntion  becomes  violet  with  bromine. 


Concentrated  hydrochloric  oold  colours  the  solution  in  FrOhde's  resgent 
deep  bine. 

Dilates  the  pupil. 


On  warming  with  snlphnric  acid  and  a  little  ferrio  chloride,  it  becomes  bine. 
Reduces  io.late,  silver  nitrate— reddens  ferrocyaaide,  to 


A  beautiful  red  colour  on  evaporating  the  solution  In  dilute  sulphorio  aeid. 
Evaporated  with  dilute  HCl  gives  an  amorphous  residue. 
On  warming  with  sulphuric  ucirt  becomes  blue. 

Is  coloured  red  Ity  calcic  cblori-le  solution;  mercuric  iodide  pre<npitate 
soluble  in  alcohol. 


Solntion  in  ohlorii  e  water  bectjmes  green  on  the  addition  of  ammonia. 


The  blue  colour  is  more  vivid  with  snlphnric  acid  and  cerium  oxide. 
Chloride  of  gold  and  toxin  Is  easily  solnlde 


Dissolved  in  chlorine  water  on  evaporation  gives  »  rod  brown  residue, 
coloured  red  by  ammonia. 
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heated,  either — (1)  sublime  wholly  without  decomposition  (like 
theine,  cytisin,  and  others) ;  or  (2)  partially  sublime  with  decom- 
position; or  (3)  are  changed  into  new  bodies  (as,  for  example, 
gallic  acid) ;  or  (4)  melt  and  then  char ;  or  (5)  simply  char  and 
burn  away. 

Many  of  these  phenomena  are  striking  and  characteristic, 
taking  place  at  definite  temperatures,  subliming  in  characteristic 
forms,  or  leaving  characteristic  residues.' 

One  of  the  first  to  employ  sublimation  systematically,  as  a 
means  of  recognition  of  the  alkaloids,  &c.,  was  Helwig.*  His 
method  was  to  place  a  small  quantity  (from  J  to  ^^^^  of  a 
milligram)  in  a  depression  on  platinum  foil,  cover  it  with  a  sHp 
of  glass,  and  then  carefully  heat  by  a  small  flame.    After  Helwig, 
Dr.  Guy  f  greatly  improved  the  process  by  using  porcelain  discs, 
and  more  especially  by  the  adoption  of  a  convenient  apparatus, 
which  may  be  termed  "  the  subliming  cell."    It  is  essentially 
composed  of  a  ring  of  glass  from  ^  to  f  of  an  inch  in  thickness, 
such  as  may  be  obtained  by  sections  of  tubing,  the  cut  surfaces 
being  ground  perfectly  smooth.    This  circle  is  converted  into  a 
closed  cell  by  resting  it  on  one  of  the  ordinary  thin  discs  of  glass 
used  as  a  covering  for  microscopic  purposes,  and  supporting  a 
similar  disc.    The  cell  was  placed  on  a  brass  plate,  provided  with 
a  nipple,  which  carried  a  thermometer,  and  was  heated  by  a 
small  flame  applied  mid-way  between  the  thermometer  and  the 
cell ;  the  heat  was  raised  very  gradually,  and  the  temperature  at 
which  any  change  took  place  was  noted.    In  this  way  Dr.  Guy  * 
made  determinations  of  the  subliming  points  of  a  laro'e  number 
of  substances,  and  the  microscopic  appearances  of  the  sublimates 
were  described  with  the  greatest  fidelity  and  accuracy.    On  re- 
peating with  care  Dr.  Guy's  determinations,  however,  I  could  in 
no  single  instance  agree  wi^h  his  subliming  points,  nor  with  the 
apparatus  he  figures  and  describes  could  two  consecutive  obsepva- 
tions  exactly  coincide.    Further,  on  examining  the  various  sub- 
liming temperatures  of  substances,  as  stated  by  different  authors 
the  widest  discrepancies  were  found — differences  of  two  or  even 
three  degrees  might  be  referred  to  errors  of  observation,  a  want 
of  exact  coincidence  in  the  thermometers  employed,  and  the 
like ;  but  to  what,  for  example,  can  we  ascribe  the  irreconcilable 
statements  which  have  been  made  with  regard  to  theine  ^  Ac- 
cording to  Strauch,  this  substance  sublimes  at  177°  •  according 
to  Mulder,  at  184•7^    But  that  both  of  these  observations  d£ 
viate  more  than  70    from  the  truth  may  be  proved  by  any 

•  Das  MiJcroscop  in  der  Toxicologic. 
jJniJl^Tsit'"''-  ^™      ^"^^      '  ^  "  Medicine." 

16 
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one  who  cares  to  place  a  few  milligrams  of  tlieine,  enclosed 
between  two  watch-glasses,  over  the  water-bath ;  in  a  few  minutes 
a  distinct  sublimate  will  condense  on  the  upper  glass,  and,  in 
point  of  fact,  theine  will  be  found  to  sublime  several  degrees 
below  100°. 

Since  this  great  divergency  of  opinion  is  not  found  either  in 
the  specific  gravity,  or  the  boiling  points,  or  any  of  the  like 
determinations  of  the  physical  properties  of  a  substance,  it  is 
self-evident  that  the  processes  hitherto  used  for  the  determination 
of  subliming  points  are  faulty.   The  sources  of  error  are  chiefly — 

(1.)  Defects  in  the  apparatus  employed — the  temperature 
read  being  rather  that  of  the  metallic  surface  in  the  immediate 
vicinity  of  the  thermometer  than  of  the  substance  itself. 

(2.)  The  want  of  agreement  among  observers  as  to  what  should 
be  called  a  sublimate — one  considering  a  sublimate  only  that 
which  is  evident  to  the  naked  eye,  another  taking  cognisance  of 
the  earliest  microscopic  film. 

(3.)  No  two  persons  employing  the  same  process. 

With  regard  to  the  apparatus  employed,  I  adopt  Dr.  Guy's 
subliming  cell ;  but  the  cell,  instead  of  resting  on  a  metallic 
solid,  floats  on  a  metallic  fluid.  For  any  temperature  a  little 
above  100°  this  fluid  is  mercury,  but  for  higher  temperatures 
fusible  metal  is  preferable. 

The  exact  procedure  is  as  follows : — A 
porcelain  crucible  (see  Fig.  13,  a),  about 
3  inches  in  diameter,  is  nearly  filled  with 
mercury  or  fusible  metal,  as  the  case 
may  be  •  a  minute  speck  (or  two  or  three 
crystals  of  the  substance  to  be  examined) 
is  placed  on  a  thin  disc  of  microscopic 
covering  glass,  floated  on  the  liquid,  and 
the  cell  is  completed  by  the  glass  ring 
and  upper  disc.  The  procelain  crucible 
is  supported  on  a  brass  plate  (b),  fixed 
to  a  retort  stand  in  the  usual  way,  and 
protected  from  the  unequal  cooling  ef- 
fects of  currents  of  air  by  being  covered 
with  a  flask  (c),  from  which  the  bottom 
has  been  removed.  The  neck  of  the 
flask  conveniently  supports  a  thermo- 
meter, which  passes  through  a  cork,  and 
the  bulb  of  the  thermometer  is  immersed 
in  the  bath  of  liquid  metal.  In  the 
first  examination  of  a  substance  _  the 
temperature  is  raised  somewhat  rapidly. 


Fig.  13. 
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taking  off  the  upper  disc  with  a  forceps  at  every  10°  and 
exchanging  it  for  a  fresh  disc,  until  the  substance  is  destroyed. 
The  second  examination  is  conducted  much  more  slowly,  and  the 
discs  exchanged  at  every  4°  or  5°,  whilst  the  final  deter- 
mination- is  effected  by  raising  the  temperature  with  great 
caution,  and  exchanging  the  discs  at  about  the  points  of  change 
(already  partially  determined)  at  every  half  degree.  All  the 
discs  are  examined  microscopically.  The  most  convenient  defini- 
tion of  a  sublimate  is  this — the  most  minute  films,  dots,  or 
crystals,  which  can  be  observed  by  i-inch  power,  and  which  are 
obtained  by  keeping  the  subliming  cell  at  a  definite  temperature 
for  sixty  seconds.  The  commencement  of  many  sublimates 
assumes  the  shape  of  dots  of  extraordinary  minuteness,  quite 
invisible  to  the  unaided  eye ;  and,  on  the  other  hand,  since  the 
practical  value  of  sublimation  is  mainly  as  an  aid  to  other 
methods  for  the  recognition  of  substances,  if  we  go  beyond  short 
intervals  of  time,  the  operation,  otherwise  simple  and  speedy, 
becomes  cumbersome,  and  loses  its  general  applicability. 

There  is  also  considerable  discrepancy  of  statement  with  reo-ard 
to  the  melting  point  of  alkaloidal  bodies ;  in  many  instances  a 
viscous  state  intervenes  before  the  final  complete  resolution  into 
fluid,  and  one  observer  will  consider  the  viscous  state,  the  other 
complete  fluidity,  as  the  melting  point. 

In  the  melting  points  given  below,  the  same  apparatus  was 
used,  but  the  substance  was  simply  placed  on  a  thin  disc  of  glass 
floating  on  the  metallic  bath  before  described  (the  cell  not  bein^^ 
completed),  and  examined  from  time  to  time  microscopically  fo? 
by  this  means  alone  can  the  first  drops  formed  by  the  most 
minute  and  closely  adherent  crystals  to  the  glass  be  discovered 

Morphine,  at  150^  clouds  the  upper  disc  with  nebulae  :  the 
nebulfe  are  resolved  by  high  magnifying  powers  into  minute 
dots ;  these  dots  gradually  become  coarser,  and  are  generally 

aboutloO" ''''*^^'  ''^^^^''^'^ 

Thehaim  sublimes  in  theine-like  crystals  at  135° ;  at  higher' 

200°)  needles^  cubes,  and  prisnis^are 
observed.    The  residue  on  the  lower  disc,  if  examined  before 
carbonisation,_is  fawn-coloured  with  non-characteristic  spots 
iV;TOi*we  gives  no  sublimate;  it  melts  at  155°  into  a  yellow 

to'^fi'.tllf't'  '^T^  temperature,  ever  becomes  browneT 
to  final  blackness.  On  examining  the  residue  before  carbonisa- 
tion It  IS  a  rich  brown  amorphous  substance;  but  if  narcotine  be 
heated  two  or  three  degrees  above  its  melting  poLf  and  then 
cooled  slowly  the  residue  is  crystalline-long,  finrieedles  radiat 
ing  from  centres  being  common.  neeaies  radiat- 
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_  Farceine  gives  no  sublimate ;  it  melts  at  134°  into  a  colourless 
liquid,  which  undergoes  at  higher  temperatures  the  usual 
transition  of  brown  colours.  The  substance,  heated  a  few  degrees 
above  its  melting  point,  and  then  allowed  to  cool  slowly,  shows 
a  straw-coloured  residue,  divided  into  lobes  or  drops  containing 
feathery  crystals. 

Papaverine  gives  no  sublimate;  it  melts  at  130°.  The  residue, 
heated  a  little  above  its  melting  point,  and  then  slowly  cooled, 
is  amorphous,  of  a-  light-brown  colour,  and  in  no  way  charac- 
teristic. 

Hyoscyamine  gives  no  crystalline  sublimate ;  it  melts  at  89°, 
and  appears  to  volatilise  in  great  part  without  decomposition. 
It  melts  into  an  almost  colourless  fluid,  which,  when  solid,  may 
exhibit  a  network  not  unlike  vegetable  parenchyma  ;  on  moisten- 
ing the  network  with  water,  interlacing  crystals  immediately 
appear.  If,  however,  hyoscyamine  be  kept  at  94°  to  95°  for  a 
few  minutes,  and  then  slowly  cooled,  the  edges  of  the  spots  are 
arborescent,  and  the  spots  themselves  crystalline. 

Atropine  (daturine)  melts  at  97°;  at  123°  a  faint  mist  appears 
on  the  upper  disc.  Crystals  cannot  be  obtained ;  the  residue  is 
not  characteristic. 

Solanine. — The  upper  disc  is  dimmed  with  nebulas  at  190", 
which  are  coarser  and  more  distinct  at  higher  temperatures ;  at 
200°  it  begins  to  brown,  and  then  melts  ;  the  residue  consists  of 
amber-brown,  non-characteristic  drops. 

Strychnine  gives  a  minute  sublimate  of  fine  needles,  often 
disposed  in  lines,  at  169°  ;  about  221°  it  melts,  the  residue  (at 
that  temperature)  is  resinous. 

Brucine  melts  at  151°  into  a  pale  yellow  liquid,  at  higher 
temperatures  becoming  deep-brown.  If  the  lower  disc,  after 
melting,  be  examined,  no  crystals  are  observed,  the  residue  being 
quite  transparent,  with  branching  lines  like  the  twigs  of  a  leafless 
tree  ;  light  mists,  produced  rather  by  decomposition  than  by  true 
sublimation,  condense  on  the  upper  disc  at  185°,  and  above. 

Saponin  neither  melts  nor  sublimes  ;  it  begins  to  brown  about 
145°,  is  almost  black  at  185°,  and  quite  so  at  190°. 

Delphinine  begins  to  brown  about  102°  ;  it  becomes  amber  at 
119°,  and  melts,  and  bubbles  appear.  There  is  no  crystaUine 
sublimate  ;  residue  not  characteristic. 

Pilocarpine  gives  a  distinct  crystalline  sublimate  at  153  ; 
but  thin  mists,  consisting  of  fine  dots,  may  be  observed  as  low  as 
140°.  Pilocarpine  melts  at  159° ;  the  sublimates  at  160°  to  170 
are  in  light  yellow  drops.  If  these  drops  are  treated  with  water, 
and  the  water  evaporated,  feathery  crystals  are  obtained;  the 
residue  is  resinous. 
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Theme  wholly  sublimes  ;  the  first  sublimate  is  ^^J^f/^f 
79°    at  half  a  degree  above  that  very  small  crystals  may  be 
ILinecirand  at  such  a  temperature  as  120°,  the  crystals  are 
often  long  and  silky.  -,c,.o 

Theohromine  likewise   wholly   sublimes ;  nebulae    at    134  , 

crystals  at  170°,  and  above. 

tor.  melts  at  170° ;  it  gives  no  crystalline  sublimate.  The 
melted  mass  remains  up  to  180°;  almost  perfectly  colourless 
above  that  temperature  browning  is  evident.    The  residue  is  not 

characteristic.  mi     i  i. 

Picrotoxin  gives  no  crystalline  sublimate.  The  lowest  tem- 
perature at  which  it  sublimes  is  128°;  the  usual  nebula  then 
make  their  appearance;  between  165°  and  170  there  is  slight 
browning ;  at  170°  it  melts.  The  residue,  slowly  cooled,  is  not 
characteristic.  ,  q„o 

Cantharidin  sublimes  very  scantily  between  82  and  h6  , 
at  85°  the  sublimate  is  copious.  . 

The  active  principles  of  plants  may,  m  regard  to  their 
behaviour  to  heat,  be  classed  for  practical  purposes  into—  . 

1.  Those  which  give  a  decided  crystalline  sublimate  : 

(a.)  Below  100°,  e.g.,  theine,  thebaine,  cantharidin. 
Ih.)  Between  100°  and  150°,  e.g.,  quinetum. 
(c.)  Between  150°  and  200°,  e.g.,  strychnine,  morphine, 
pilocarpine. 

2.  Those  which  melt,  but  give  no  crystalline  sublimate  : 

(«.)  Below  100°,  e.g.,  hyoscyamine,  atropine. 
(6.)  Between  100°  and  150°,  e.g.,  papaverine, 
(c.)  Between  150°  and  200°,  e.g.,  salicin. 
{d.)  Above  200°,  e.g.,  solanine. 

3.  Those  which  neither  melt  nor  give  a  crystalline  sublimate, 
e.g.,  saponin. 

§  281.  Identification  hy  Organic  Analysis. — In  a  few  cases  (and 
in  a  few  only)  the  analyst  may  have  sufficient  material  at  hand 
to  make  an  organic  analysis,  either  as  a  means  of  identification 
or  to  confirm  other  tests.  ]3y  the  vacuum  process  described  in 
vol.  i.,  "  Foods,"  in  which  carbon  and  nitrogen  are  deter- 
mined by  measuring  the  gases  evolved  by  burning  the  organic 
substance  in  as  complete  a  vacuum  as  can  be  obtained,  very 
minute  quantities  of  a  substance  can  be  dealt  with,  and  the 
carbon  and  nitrogen  determined  with  great  accuracy.  It  is 
found  in  practice  that  the  carbon  determinations  appear  more 
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wtftUsshouM  befo*'  ^«  obvious  reasons 

ispo'St'tatiV'^cc'T:^^^  gas-.eas„iiig  appliances,  it 
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of  OO2  IS 


averao-e  at  l^n  .t  1?.^?  +^  •        •'"f  carbon,  and  alkaloids 

iFr^ms  ofTltw]  "^"'f  ^  follows  that 

whSlf  a  reliabt  11  ^^P^^fi^t  about  the  smallest  quantity  with 

single  combustion  can  be  made, 
loids  an^  alSdtf  1'  T"'  '  ^^^^^id^^^ble  number  of  the  alka- 
in  carbon  ^"'^^g^^  according  to  their  content 


TABLE  VII.-CONTENT  OP  CARBON  AND  NITROGEN  IN 
VARIOUS  ALKALOIDAL  BODIES; 


Asparagin,  . 

Methylamine, 

Betaine, 

Theobromine, 

Theine, 

Indican, 

Muscarine,  . 

Lauro-cerasiii, 

Amanitine,  . 

Narceine,  . 

Colchicine,  . 

Oxyacanthine, 

Solanine, 

Trimethylamine, 
Jervine, 

Sabadilline, 
Aconitine,  . 
Nepaline, 
Colchicein,  . 
Veratroidine, 
Narcotine,  . 
Veratrine,  . 
Belphinine,  . 
Physostogmine, 
Rhoeadine,  . 
Cocaine, 
Gelsemine,  . 
Conhydrine, 
Staphisagrine, 
Chelidonioe, 
Atropine,  Hyoscyamin 
Sanguinarine, 
Papaverine, 
Delphinoidine, 


Carbon. 

Nitrogen. 

36-36 

01  -oi 

38-71 

rto  1  t 

44.44 

j-w  0 1 

46-67 

O.L   J.  i. 

49-48 

''S -fid 

49-60 

9.00 

50-42 

1 1  -77 

62-47 

±  Oi> 

57-69 

59-63 

3-02 

60  53 

4-15 

60-57 

4-42 

60-66 

1-68 

61-02 

23-73 

61-03 

5-14 

61-29 

3-46 

61-39 

2-17 

63-09 

2-12 

63-44 

4-38 

63-8 

3-1 

63-92 

3-39 

64-42 

2-91 

64-55 

3-42 

65-49 

15-27 

65-79 

3-65 

66-44 

4 -84 

67-00 

7-10 

67-12 

9-79 

67-5 

3-6 

68-06 

12-34 

70-58 

4-84 

70-59 

4-33 

70-79 

4-13 

70  9 

3-9 
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Morphine  and  Piperine 
Berberine, 
Codeine, 
Thebaine, 
Cytisine, 
Nicotine, 
Quinine, 
Coniine, 
Strychnine, 
Curariae, 


Carbon. 

71-58 

71-  64 

72-  24 

73-  31 

73-  85 

74-  08 

75-  02 

76-  81 

77-  24 
81-51 


Nitrogen. 

4-91 
4-18 
4-68 

4-  50 
12-92 
17-28 

8-64 
11-20 
8-92 

5-  28 


S  282.  Quantitative  Estimation  of  the  Alkaloids— ¥ov  medico- 
leL  purposes  the  alkaloid  obtained  is  usually  weighed  directly 
but  for  technical  purposes  other  processes  are  used.  One  ot  the 
most  convenient  of  these  is  titration  with  normal  or  decmormal 
sulphuric  acid,  a  method  applicable  to  a  few  alkaloids  of  marked 
basic  powers— e.g.,  quinine  is  readily  and  with  accuracy  estimated 
in  this  way,  the  alkaloid  being  dissolved  in  a  known  volume  ot 
the  acid,  and  then  titrated  back  with  soda.  If  a  large  number 
of  observations  are  to  be  made,  an  acid  may  be  prepared  so  that 
each  cc.  equals  1  mgrm.  of  quinine.  A  reagent  of  general  appli- 
cation is  found  in  the  so-called  Mayer's  reagent,  which  consists  ot 
13,546  grms.  of  mercuric  chloride,  and  49-8  grms.  of  iodide  ot 
potash  in  the  litre  of  water.  Each  cc.  of  such  solution  precipi- 
tates— 


Of  Strychnine, 

Brucine, 
,,  Quinine, 
,,  Cinch  onine, 
,,  Quinidine, 
,,  Atropine, 
,,  Aconitine, 
,,  Veratrine, 
,,  Morphine, 
,,  Narcotine, 
,,  Nicotine, 
,,  Coniine,  . 


0167  grm 
0233 
•0108 
0102 
0120 
0145 
0268 
•0269 
0200 
■0213 
■00405 
•00416 


The  final  reaction  is  found  by  filtering,  from  time  to  time,  a  drop 
on  to  a  glass  plate,  resting  on  a  blackened  surface,  and  adding 
the  test  until  no  precipitate  appears.  The  results  are  only  accu- 
rate when  the  strength  of  the  solution  of  the  alkaloid  is  about 
1  : 200 ;  so  that  it  is  absolutely  necessary  first  to  ascertain  ap- 
proximatively  the  amount  present,  and  then  to  dilute  or  concen- 
trate, as  the  case  may  be,  until  the  proportion  mentioned  is 
obtained. 

A  convenient  method  of  obtaining  the  sulphate  of  an  alkaloid 
for  quantitative  purposes,  and  especially  from  organic  fluids,  is 


248 


poisons:  their  effects  and  detection. 


[§  283. 


S^^h^tl   ^""^'^  \  ^^S^^"-  fl"^^^  i«  acidulated  with 

sulphuric  acid,  and  the  alkaloid  precipitated  by  a  solution  of 

o?ved  7.  °'  P''"^^  precipftate  is  coHected  and  dis- 

fil+r  ^  IX-  ^'i^^'o^s  solution  of  hyposulphite  of  soda.  The 
filtered  solution  is  again  precipitated  with  the  iodine  reagent, 
and  the  precipitate  dissolved  in  sulphurous  acid,  which!  on 
evaporation,  leaves  behind  the  pure  sulphate  of  the  base. 

It  IS  also  very  useful  for  quantitative  purposes  to  combine  an 
alkaloid  with  gold  or  platinum,  by  treating  the  solution  with 
the  chlorides  of  either  of  those  metals-the  rule  as  to  selection 
being  to  give  that  metal  the  preference  which  yields  the  most 
insoluble  and  the  most  crystallisable  compound. 
.  following  table  gives  the  percentage  of  gold  or  platinum 
left  on  Ignition  of  the  double  salt :—  >=>  i- 

TABLE  VIII. 

Atropine,  . 
Aconitine, 
Amanitine, 
Berberine,  . 
Brucine, 
Cinchonine, 
Cinchonicline, 
Codeine, 
Coniine, 
Curarine,  . 
Delphinine, 
Delphinoidine, 
Emetin, 
Hyoscyamine, 
Morphine,  . 
Muscarine, 
Narcotine  . 
Narceine,  . 
Nicotine,  . 
Papaverine, 
Pilocarpine, 
Piperine,  . 
Quinine, 
Strychnine, 
Thebaine,  . 
Theine, 
Theobromine. 
Veratrine, 

§  283.  Baroptic  Estimation.* — If  W  be  the  weight  of  a  body, 
V  its  volume,  S  its  specific  gravity,  and  U  the  weight  of  a  unit 
of  the  standard,  then  "W  =  VSU.    This  well-known  principle  is 

*  Baros,  -wei^i  -  Opticus,  sights  the  weight  of  an  object  ascertained  by 
inspection. 


Gold. 

Platinum. 

31 -57 

22-06 

,  •  • 

44-23 

... 

29-16 

18-11 

16-52 

27-36 

27-87 

19-11 

29-38 

32-65 

26-7 

29-0 

15-8 

29-7 

34-6 

19-52 

4,3-01 

15-7 

15-9 

14-52 

34-25 

17-82 

35-5 

23-6  to  25-2 

12-7 

40-0 

26-26 

29-15 

18-16 

18-71 

37 -02 

24-58 

25-55 

21  01 

VEGETABLE  ALKALOIDS. 


249 


§  283.] 

constantly  applied  to  determine  the  weight  of  large  masses  of 
substances,  which,  from  their  bulk  or  position,  cannot  be  directly 
placed  on  a  balance— for  example,  the  Egyptian  pyramids  have 
been  measured,  and  the  weights  calculated  from  the  cubic  volume 
and  the  known  specific  gravity  of  the  stone  entering  into  their 
composition.  If  the  formula  has  thus  been  made  use  of  in  the 
vast,  it  is  also  applicable  to  the  tninute — to  small  particles  of 
substances,  so  fine  that  they  are  inappreciable  by  the  most  delicate 
balance.  In  several  experiments  made  in  order  to  _  ascertain 
whether,  by  careful  measurement  by  a  micrometer,  it  is  possible 
to  obtain  the  weight  of  a  minute  crystal,  the  specific  gravity  of 
which  is  known,  I  obtained  the  following  results : — So  long  as 
the  crystal  has  a  definite  form,  no  difficulty  is  experienced  ;  but 
when  a  drop  of  a  solution  is  allowed  to  slowly  evaporate,  or  when 
a  crystalline-compound  is  formed  by  precipitation,  the  great 
practical  difficulty  is  found  to  be  the  liability  of  only  a  part  of 
the  deposit  to  be  crystalline  in  most  cases,  some  small  portion 
being  deposited  either  in  an  amorphous  condition,  in  dots,  or  in 
irregular  masses.  Nevertheless,  in  not  a  few  cases,  the  expert 
can  obtain  a  fairly  accurate  weight,  if  he  only  give  the  necessary 
time  to  the  measurements  of  the  separate  and  single  crystals 
which  compose  the  unweighable  film  or  deposit. 

The  details  of  the  operation  are  as  follows  : — A  micrometer 
eye-piece  is  used,  and  the  value  of  each  division  of  the  eye-piece 
determined  in  the  way  recommended  in  vol.  i.,  "  Foods,"  p.  73. 
The  eye-piece  of  the  microscope  should  be  made  to  turn  with 
great  ease,  and  the  dimensions  of  each  crystal  taken  by  adjusting 
the  micrometer  to  its  chief  edges.  What,  and 
how  many,  measurements  will  be  required,  de- 
pends, of  course,  upon  the  form  of  the  crystal — 
thus,  for  example,  a  cubical  crystal  will  only 
require  one  side  measured,  and  that  side,  multi- 
plied three  times  into  itself,  gives  the  solidity  or 
cubical  content.  The  solidity  of  a  rectangular 
crystal  is  obtained  by  multiplying  the  length  or 
breadth  and  depth  together.  The  solidity  of  a 
triangular  prism  is  obtained  by  multiplying  the 
area  of  the  base  (see  Fig.  14)  AB  E  by  the  length 
A  B.  In  such  a  case,  a  measurement  of  A  D 
would  also  give  A  E  and  E  D,  for  these  sides  are 
equal ;  supposing  that  A  B  measured  20  micrometer 
divisions,  and  A  D  measured  2-6,  the  area  of  the  base  A  E  D 
is  then,  according  to  ordinary  rules,*  Js-Jd  x  1-25  x  1-25  x  1-25 


I" 


Fis.  14. 


*  The  area  of  a  triangle,  the  sides  having  been  given,  is  found  by 
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=  2-7063,  and  the  solidity  is  2-7063  x  20  =  54-126,  this  number 
requiring  to  be  translated  into  millimetres. 

To  obtain  the  necessary  dimensions  of  not  a  few  crystals,  may 
require  a  careful  measurement  of  one  or  more  angles,  and  the 
application  of  the  rules  of  trigonometry.  A  considerable 
acquaintance  with  the  geometric  forms  of  crystals,  as  laid  down 
m  works  on  crystallography,  is  essential  to  success  if  the  baro- 
scopic  method  is  largely  applied. 


II.  LIQUID  VOLATILE  ALKALOIDS. 


THE  ALKALOIDS  OF  HEMLOCK— NICOTINE — PITURIE — SPARTEINE. 
1.  THE  ALKALOIDS  OF  HEMLOCK  (CONIUM.) 

§  284.  The  conmm  maculatum,  or  spotted  hemlock,  is  a  rather 
common  umbelliferous  plant,  growing  in  waste  places,  and  flower- 
ing from  about  the  beginning  of  June  to  August.  The  stem  is 
from  three  to  five  feet  high,  smooth,  branched,  and  spotted  with 
purple  ;  the  leaflets  of  the  partial  involucres  are  unilateral,  ovate, 
lanceolate,  with  an  attenuate  point  shorter  than  the  umbels  ;  the 
seeds  are  destitute  of  vittse,  and  have  five  prominent  crenate 
wavy  ridges.  The  whole  plant  is  foetid  and  poisonous.  Oonium 
owes  its  active  properties  to  a  volatile  liquid  alkaloid,  Ooniine, 
united  with  a  crystalline  alkaloid,  Conhydrine. 

§  285.  Coniine,  conia,  conicine  (CgHi^ISr)— specific  gravity  -886 
to  -381,^  boiling  point  163-5°— is  a  clear,  oily  fluid,  possessing  a 
peculiarly  unpleasant,  mousey  odour.  One  part  is  soluble  in  100 
parts  of  water,  in  6  parts  of  ether,  and  in  almost  all  proportions 
of  amyl  alcohol,  chloroform,  and  benzene.  It  readily  volatilises, 
and,  provided  air  is  excluded,  may  be  distilled  unchanged.  It 
ignites  easily,  and  burns  with  a  smoky  flame.  It  acts  as  a  strong 
base,  precipitating  the  oxides  of  metals  and  alkaline  earths  from 
their  solutions,  and  it  coagulates  albumen.  Coniine  forms  salts 
with  hydrochloric  acid  (OgHisN.HCl.),  phosphoric  acid,  iodic 
acid,  and  oxalic  acid,  which  are  in  well-marked  crystals.  The 

subtracting  from  lialfthe  sum  oftlie  three  sides,  each  side  severally :  half 
the  sum  of  the  three  remainders  are  continually  multiplied  together,  and  tUe 
square  root  of  the  last  product  is  the  area  of  the  triangle. 
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sulphate,  nitrate,  acetate,  and  tartrate  are,  on  the  other  hand, 
non-crystalline. 

If  coniine  is  oxidised  with  nitric  acid,  or  bichromate  of  potash, 
and  diluted  sulphuric  acid,  butyric  acid  is  formed  ;  and  since  the 
latter  has  an  unmistakable  odour,  and  other  characteristic"  pro- 
perties, it  has  been  proposed  as  a  test  for  coniine.  This  may  be 
conveniently  performed  thus  : — A  crystal  of  potassic  bichromate 
is  put  at  the  bottom  of  a  test-tube,  and  some  diluted  sulphuric 
acid  with  a  drop  of  the  supposed  coniine  added.  On  heating,  the 
butyric  acid  reveals  itself  by  its  odour,  and  can  be  distilled  into 
baryta  water,  the  butyrate  of  baryta  being  subsequently  sepa- 
rated in  the  usual  way,  and  decomposed  by  sulphuric  acid,  &c. 

Another  test  for  coniine  is  the  following  : — If  dropped  into  a 
solution  of  alloxan,  the  latter  is  coloured  after  a  few  minutes 
an  intense  purple-red,  and  white  needle-shaped  crystals  are 
separated,  which  dissolve  in  cold  potash-lye  into  a  beautiful 
purple-blue,  and  emit  an  odour  of  the  base.*  Dry  hydrochloric 
acid  gives  a  purple-red,  then  an  indigo-blue  colour,  with  coniine ; 
but  if  the  acid  is  not  dry,  there  is  formed  a  bluish-green  crystal- 
line mass.  This  test,  however,  is  of  little  value  to  the  toxi- 
cologist,  the  pure  substance  alone  responding  with  any  definite 
result. 

The  ordinary  precipitating  agents,  according  to  Dragendorfi", 
act  as  follows  : — 


Potass,  bismuth  iodide. 

1  :  2000,  a  strong  orange  precipitate. 

1  :  3000.     The  drop  of  the  reagent  is  surrounded  with  a 
muddy  border. 

1  :  4000.     The  drop  of  the  reagent  is  surrounded  with  a 

muddy  border. 
1  :  5000,  still  perceptible. 
1  :  6000.    The  last  limit  of  the  reaction. 

Phosphomolybdic  acid  gives  a  strong  yellow  precipitate: 
limit,  1:5000.  i'      f  > 

_  Potass,  mercuric  iodide  gives  a  cheesy  precipitate;  limit,  1  : 1000 
m  neutral,  1  :  800  in  acid,  solutions. 

Potass,  cadmic  iodide  gives  an  amorphous  precipitate,  1  :  300. 
The  precipitate  is  soluble  in  excess  of  the  precipitant.  (Nicotine 
under  similar  circumstances,  gives  a  crystalline  precipitate  )  ' 

Of  all  these  tests  the  most  satisfactory  are— 

*  Schwarzeiibach,  Vierteljahrsschr.  f.  Praci.  Pharm.,  viij.,  170. 
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(1.)  The  formation  of  microscopic  needles  of  hydroclilorate  of 
coniine,  doubly  refracting  light,  and  evolving  a  mousey  odour 
when  breathed  upon. 

(2.)  The  formation  of  butyric  acid  in  oxidation. 

(3.)  The  reaction  with  alloxan. 

Most  of  the  coniine  of  commerce  contains — 


a  substance  which  can  be  formed  artificially  by  warming  coniine 
with  methyl  iodide,  treating  the  mixture  with  soda-lye,  and  dis- 
tilling. It  seems  probable  that  the  base  which  MM.  Michael 
and  Gundelach*  have  recently  obtained,  by  the  reaction  of 
butilydene  chloride  and  methylamine,  is  identical  with  methyl- 
coniine.  It  is  very  similar  to  coniine  in  appearance ;  and  Drs. 
Crum  Brown  and  Eraser  have  established  the  fact  that  its  toxic 
action  is  both  qualitatively  and  quantitatively  equal  to  that  of 
coniine.  Ethyl  coniine  and  methyl  coniine  are  also  similar  in 
action  to  coniine. 

§  286.  Conhydrine  (OgH^^^NO)  is  frequently  present  in  coniine, 
from  which  it  may  be  separated  by  cooling  down  to  5°,  filtering 
through  glass  wool,  and  purifying  the  crystals  on  the  filter  by 
petroleum  ether,  in  which  fluid  conhydrine  does  not  readily 
dissolve.  Conhydrine  forms  colourless  glittering  crystals,  which 
melt  about  120-6°,  the  resulting  fluid  boiling  at  226-3°;  at 
higher  temperatures  it  volatilises  without  residue.  It  dissolves 
somewhat  in  water,  and  easily  in  alcohol  and  ether ;  the  solution 
is  strongly  alkaline. 

Conhydrine  is  a  poison  similar  to,  but  not  quite  so  powerful 
as,  coniine.  It  has  little  medico-legal  interest.  Wertheim's 
experiments  appear  to  show  that  for  every  100  of  coniine, 
hemlock  only  contains  5-7  of  conhydrine.  f 

§  287.  Pharmaceutical  Preparations. — The  percentage  of  coniine 
in  the  plant  itself,  and  in  pharmaceutical  preparations,  can  be 
approximately  determined  by  distilling  the  coniine  over,  in  a 
partial  vacuum,  J  and  titrating  the  distillate  with  Mayer's  reagent, 

*  Ber.  der  Deuisch.  Cliem.  Ges.,  xiv. 

+  By  the  reaction  between  butylic  aldehyde  and  alcohohc  ammonia, 
Schifif  has  prepared  an  isomeride  of  coniine— paraconiine.  It  is  a  nitnle 
base,  -while  coniine  is  an  imine  base ;  it  is  poisonous,  and  similar  m  its 
action  to  coniine.  i  •  j  a 

t  This  is  easily  effected  by  uniting  a  flask  containing  the  aikaloia  nuia, 
air-.tight,  -with  a  Liebig's  condenser  and  a  receiver,  the  latter  being  connected 


Methyl  coniine, 
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each  cc.  =  about  -00416  grm.  of  coniine.  It  appears  to  be  necessary 
to  add  powdered  potassic  chloride  and  a  small  quantity  of  diluted 
sulphuric  acid  before  titrating,  or  the  precipitate  does  not 
separate.     In  any  case,  the  end  ^of  the  reaction  is  difficult  to 

The  fresh  plant  is  said  to  contain  from  about  -04  to  -09  per 
cent.,  and  the  fruit  about  7  per  cent,  of  coniine.  _ 

The  officinal  preparations  are— the  leaves,  the  fruit,  a  tincture 
of  the  fruit,  an  extract  of  the  leaves,  the  juice  of  the  leaves 
(Succus  conii),  a  compound  hemlock  pill  (composed  of  extract  of 
hemlock,  ipecacuanha,  and  treacle),  an  inhalation  of  conune 
(Vapor  conii),  and  a  poultice  (Gataplasma  conn)  made  with  the 

§  2%^.  Statistics  of  Coniine  Poisoning.— A.  Falckf  has  been 
able  to  collect  seventeen  cases  of  death  recorded  in  medical 
Hterature,  up  to  the  year  1880,  from  either  coniine  or  hemlock. 
Two  of  these  cases  were  criminal  (murders),  one  suicidal,  two 
cases  in  which  coniine  had  been  used  medicinally  (in  one 
instance  the  extract  had  been  applied  to  a  cancerous  breast;  in 
the  other,  death  was  produced  from  the  injection  of  an  infusion 
of  hemlock  leaves).  The  remaining  twelve  were  cases  in 
which  the  root,  leaves,  or  other  portions  of  the  plant  had  been 
ignorantly  or  accidentally  eaten. 

§  289.  Effects  on  Animals. — It  destroys  all  forms  of  animal 
life.  I  have  recently  made  an  investigation  as  to  its  action  on 
the  common  blow-fly.  Droplets  of  coniine  were  applied  to 
various  parts  of  blow-flies,  which  were  then  placed  under  glass 
shades.  The  symptoms  began  within  a  minute  by  signs  of 
external  irritation,  there  were  rapid  motions  of  the  wings,  and 
quick  and  aimless  movements  of  the  legs.  Torpor  set  in 
speedily,  the  buzz  soon  ceased,  and  the  insects  lay  on  their  sides, 
motionless,  but  for  occasional  twitching  of  the  legs.  The  wings, 
as  a  rule,  become  completely  paralysed  before  the  legs,  and  death 
occurred  at  a  rather  variable  time,  from  ten  minutes  to  two 
hours.  If  placed  in  a  current  of  air  in  the  sun,  a  fly  completely 
tinder  the  influence  of  coniine  may  recover.  Coniine  causes  in 
frogs  universal  paralysis  (which  is  not  preceded  by  convulsions) 
and  speedy  death.  Dragendorff"  experimented  on  the  action  of 
coniine  when  given  to  five  cats,  the  quantities  used  being  -5  to 


with  Bunsen's  water-pump,  or  one  of  the  numerous  exhausting  apparatuses 
now  in  use  in  every  laboratory. 

*  Dragendorff,  Die,  C/iemische  Werthbestimmung  einiger  starkwirkender 
Droguen.    St.  Petersb.,  1874. 

t  Prakt.  Toxicologic,  p.  273. 
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•05  grm.  The  symptoms  came  on  almost  immediately,  but  with 
the  smaller  dose  given  to  a  large  cat,  no  eflfect  was  witnessed 
until  twenty-five  minutes  afterwards:  this  was  the  lon^^est 
interval.  One  of  the  earliest  phenomena  was  dilatation  of 
the  pupil,  followed  by  weakness  of  the  limbs  passing  into 
paralysis,  the  hinder  legs  being  affected  prior  to  the  fore  The 
respiration  became  troubled,  and  the  frequency  of  the  breathing 
diminished;  the  heart  in  each  case  acted  irregularly,  and  the  sen- 
sation generally  was  blunted;  death  was  preceded  by  convulsions. 
In  the  cases  m  which  the  larger  dose  of  -4  to  -5  grm.  was 
administered,  death  took  place  within  the  hour,  one  animal 
dying  in  eight  minutes,  a  second  in  eighteen  minutes,  a  third  in 
twenty  minutes,  and  a  fourth  in  fifty-eight  minutes.  With  the 
smaller  dose  of  -051  grm.  given  to  a  large  cat,  death  did  not  take 
place  until  eight  hours  and  forty-seven  minutes  after  admin- 
istration. 

§  290.  Effects  on  Man. — In  a  case  recorded  by  Bennet,*  and 
quoted  in  most  works  on  forensic  medicine,  the  symptoms  were 
those  of  general  muscular  weakness  deepening  into  paralysis. 
The  patient  had  eaten  hemlock  in  mistake  for  parsley ;  in  about 
twenty  minutes  he  experienced  weakness  in  the  lower  ex- 
tremities, and  staggered  in  walking  like  a  drunken  man ;  within 
two  hours  there  was  perfect  paralysis  of  both  upper  and  lower 
extremities,  and  he  died  in  three  and  a  quarter  hours.  In  another 
case,  related  by  Taylor,  the  symptoms  were  also  mainly  those  of 
paralysis,  and  in  other  instances,  stupor,  coma,  and  slight  con- 
vulsions have  been  noted. 

§  291.  Physiological  Action. — It  is  generally  agreed  that 
coniine  paralyses,  first  the  ends  of  the  motor  nerves,  afterwards 
their  trunks,  and  lastly,  the  motor  centre  itself  At  a  later 
period  the  sensory  nerves  participate.  In  the  earlier  stage  the 
respiration  is  quickened,  the  pupils  contracted,  and  the  blood-pres- 
sure increased ;  but  on  the  development  of  paralysis  the  breath- 
ing becomes  slowed,  the  capillaries  relaxed,  and  the  blood-pressure 
sinks.  Death  takes  place  from  cessation  of  the  respiration, 
and  not  primarily  from  the  heart,  the  heart  beating  after  the 
breathing  has  stopped.  Coniine  is  eliminated  by  the  urine,  and 
is  also  in  part  separated  by  the  lungs,  while  a  portion  is, 
perhaps,  decomposed  in  the  body. 

..§  292.  Post-mortem  Appearances. — There  is  nothing  charac- 
teristic in  the  appearances  after  death. 

Fatal  dose. — The  fatal  dose  of  coniine  is  not  known ;  in  the 
case  of  Louise  Berger,  10  to  15  drops  appear  to  have  caused 


*  Edin.  Med.  and  Surg.  Journ.,  Zxily,  1845,  p.  169. 
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death  in  a  few  minutes.  The  auto-experiments  of  Dworzak,, 
Heinrich,  and  Dillaberger,  would  indicate  that  one  drop  may 
cause  unpleasant  symptoms.  Albers,  in  the  treatment  of  a 
woman  suffering  from  cancer  of  the  breast,  witnessed  convulsions 
and  loss  of  consciousness  from  a  third  dose  of  4  mgrms.  (-06 
o-rain) ;  and  Eulenberg,  its  full  narcotic  effects  on  a  child  after 
subcutaneous  injection  of  1  mgrm.  (-015  grain). 

§  293.  iSepara'tion  of  Coniine  from  Organic  Matters  or  Tissues. — 
The  substances  are  digested  with  water,  acidulated  with  HgSO^, 
at  a  temperature  not  exceeding  40°,  and  then  filtered.  If  the 
filtrate  should  be  excessive,  it  must  be  concentrated  ;  alcohol  is 
then  added,  the  liquid  refiltered,  and  from  the  filtrate  the  alcohol 
separated  by  distillation. 

On  cooling,  the  acid  fluid  is  agitated  with  benzene,  and  the 
latter  separated  in  the  usual  way.  The  fluid  is  now  alkalised 
with  ammonia,  and  shaken  up  once  or  twice  with  its  own  volume 
of  petroleum  ether;  the  latter  is  separated  and  washed  with 
distilled  water,  and  the  alkaloid  is  obtained  almost  pure.  If 
the  petroleum  ether  leaves  no  residue,  it  is  certain  that  the 
alkaloid  was  not  present  in  the  contents  of  the  stomach  or 
intestine. 

The  affinity  of  coniine  with  ether  or  chloroform  is  such,  that 
its  solution  in  either  of  these  fluids,  passed  through  a  dry  filter, 
scarcely  retains  a  drop  of  water.  In  this  way  it  may  be  con- 
veniently purified,  the  impurities  dissolved  by  water  remaining 
behind. 

In  searching  for  coniine,  the  stomach,  intestines,  blood,  urine, 
liver,  and  lungs,  are  the  parts  which  should  be  examined. 
According  to  Dragendorff,  it  has  been  discovered  in  the  body  of 
a  cat  six  weeks  after  death. 

Great  care  must  be  exercised  in  identifying  any  volatile 
alkaloid  as  coniine,  for  the  sources  of  error  seem  to  be  numerous. 
In  one  case*  a  volatile  coniine,  like  ptomaine,  was  separated  from 
a  corpse,  and  thought  to  be  coniine ;  but  Otto  found  that  in  its 
behaviour  to  platinic  chloride,  it  differed  from  coniine ;  it  was 
very  poisonous — -07  was  fatal  to  a  frog,  -44  to  a  pigeon,  in  a  few 
minutes.  In  the  seeds  of  Lupinus  luteus  there  is  a  series  of 
coniine-like  substancest  but  they  do  not  give  the  characteristic 
crystals  with  hydrochloric  acid. 


*  Otto,  Anleitunfj  z.  Ausmiiilung  d.  Gi/te,  1875. 
t  Sievert,  Zeitschri/ifiir  Natur.  Wissenschaftm. 
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2.  NICOTINE. 

§  294.  The  various  species  of  tobacco  found  in  commerce  all 
contain  a  liquid,  volatile,  poisonous  alkaloid  (Nicotine),  probably- 
united  in  the  plant  -witli  citric  and  malic  acids.  There  is  also 
present  in  tobacco  an  unimportant  camphor  {nicotianin).  The 
general  composition  of  the  plant  may  be  gathered  from  the 
following  table  : — 

TABLE  IX.— FRESH  LEAVES  OP  TOBACCO  (POSSELT  AND 

RIENMANN.) 


Nicotine,    0-060 

Concrete  volatile  oil,         ......  0.010 

Bitter  extractive,   2-870 

Gum  with  malate  of  lime,   1.740 

Chlorophyl,    0-267 

Albumen  and  gluten,        ......  1  -308 

Malic  acid,   0-510 

Lignine  and  a  trace  of  starch,   4*969 

Salts  (sulphate,  nitrate,  and  malate  of  potash,  chloride  ) 

of  potassium,  phosphate  and  malate  of  lime,  and  >  0  -734 

malate  of  ammonia,  ) 

Silica,   0-088 

Water,   88-280 


100-836 

§  295.  Quantitative  Estimation  of  Nicotine  in  Tobacco. — The 
best  process  (although  not  a  perfectly  accurate  one)  is  the  follow- 
ing :  25  grms.  of  the  tobacco  are  mixed  with  milk  of  lime,  and 

allowed  to  stand  until  there  is  no  odour  of  ammonia;  the  mixture 
is  then  exhausted  by  petroleum  ether,  the  ether  shaken  up  with 
a  slight  excess  of  normal  sulphuric  acid,  and  titrated  back  by 
baryta  water;  the  sulphate  of  baryta  may  be  collected  and 
weighed,  so  as  to  control  the  results  with  regard  to  the  per- 
centage of  nicotine  in  commercial  tobacco.  Kosutany  found 
from  1-686  to  3-738  per  cent,  in  dry  tobacco;  Letheby,  in  six 
samples,  from  1-5  to  3-2  per  cent.  ;  whilst  Schlossing  gives  for 
Havanna  2  per  cent.,  Maryland  2-29  per  cent.,  Kentucky  6-09 
per  cent,  Virginian  6-87  per  cent.,  and  for  French  tobacco, 
quantities  varying  from  3-22  to  7-96  per  cent.  Again,  Lenoble 
found  in  Paraguay  tobacco  from  1-8  to  6  per  cent. ;  and  Wittstem, 
in  six  sorts  of  tobacco  in  Germany,  1-54  to  2-72  per  cent.  We 
are  thus  driven  to  the  conclusion  that  the  alkaloid  varies  withm 
very  wide  limits,  although  it  is  quite  possible  that  the  processes 
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of  extraction  and  estimation  by  these  various  observers  are  of 
unequal  value. 

§  296.  Nicotine  (CjoHj^N,),  when  pure,  is  an  oily,  colourless 
fluid,  of  1-0111,  specific  gravity  at  15°.*  It  evaporates  under 
100°  in  white  clouds,  and  boils  about  240°,  at  which  temperature 
it  partly  distils  over  unchanged,  and  is  partly  decomposed — a 
brown  resinous  product  remaining.  It  volatilises  with  aqueous 
and  amyl  alcohol  vapour  notably,  and  is  not  even  fixed  at  —  10°. 
It  has  a  strong  alkaline  reaction,  and  rotates  a  ray  of  polarised 
light  to  the  left.  Its  odour,  especially  on  warming,  is  strong  and 
unpleasantly  like  tobacco,  and  it  has  a  sharp  caustic  taste.  It 
absorbs  water  exposed  to  the  air,  and  dissolves  in  water  in  all 
proportions,  partly  separating  from  such  solution  on  the  addition 
of  a  caustic  alkali.  The  aqueous  solution  acts  in  many  respects 
like  ammonia,  saturating  acids  fully,  and  may  therefore  be  in 
certain  cases  estimated  with  accuracy  by  titration,  49  parts  of 
HgSO^  corresponding  to  162  of  nicotine. 

Alcohol  and  ether  dissolve  nicotine  in  every  proportion  ;  if 
such  solutions  are  distilled,  nicotine  goes  over  first.  The  salts 
Avhich  it  forms  with  hydrochloric,  nitric,  and  phosphoric  acids 
crystallise  with  difiiculty ;  tartaric  and  oxalic  acid  form  white 
crystalline  salts,  and  the  latter,  oxalate  of  nicotine,  is  soluble  in 
alcohol,  a  property  which  distinguishes  it  from  the  oxalate  of 
ammonia.  The  oxalate  of  nicotine  is  the  best  salt  from  which  to 
regenerate  nicotine  in  a  pure  state. 

Hydrochloride  of  nicotine  is  more  easily  volatilised  than  the 
pure  base.  Nicotine  is  precipitated  by  alkalies,  &c.,  also  by 
many  oxyhydrates,  lead,  copper,  &c.  By  the  action  of  light,  it  is 
soon  coloured  yellow  and  brown,  and  becomes  thick,  in  which 
state  it  leaves,  on  evaporation,  a  brown  resinous  substance,  only 
partly  soluble  in  petroleum  ether. 

^  A  very  excellent  test  for  nicotine,  as  confirmatory  of  others,  is 
the  beautiful,  long,  needle-like  crystals  obtained  by  adding  to  an 
ethereal  solution  of  nicotine  a  solution  of  iodine  in  ether.  The 
crystals  require  a  few  hours  to  form. 

Chlorine  gas  colours  nicotine  blood-red  or  brown  ;  the  product 
is  soluble  m  alcohol,  and  separates  on  evaporation  in  crystals. 

Cyanogen  also  colours  nicotine  brown :  the  product  out  of 
alcohol  IS  not  crystalline.  Platin  chloride  throws  down  a  reddish 
crystalline  precipitate,  soluble  on  warming ;  and  gallic  acid  chives 
a  fiocculent  precipitate.  A  drop  of  nicotine  poured  on  dry 
chromic  acid  blazes  up,  and  gives  out  an  odour  of  tobacco 
camphor ;  if  the  ignition  does  not  occur  in  the  cold,  it  is  produced 

*  J.  Skalweit,  Ber.  der.  Dmt^ch.  Chem.  GeselL,  14,  1809 
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■by  a  gentle  heat.  It  is  scarcely  possible  to  confound  nicotine 
with  ammonia,  by  reason  of  its  odour ;  and,  moreover,  ammonia 
may  always  be  excluded  by  converting  the  base  into  the  oxalate, 
and  dissolving  in  absolute  alcohol. 

On  the  other  hand,  a  confusion  between  coniine  and  nicotine 
is  apt  to  occur  when  small  quantities  only  are  dealt  with.  It 
may,  however,  be  guarded  against  by  the  following  tests  : — 

(1.)  If  coniine  be  converted  into  oxalate,  the  oxalate  dissolved 
in  alcohol,  and  coniine  regenerated  by  distillation  (best  in  vacuo) 
with  caustic-lye,  and  then  hydrochloric  acid  added,  a  crystalline 
hydrochlorate  of  coniine  is  formed,  which  doubly  refracts  light, 
and  is  in  needle-shaped  or  columnar  crystals,  or  dendritic,  moss- 
like forms.  The  cplumns  afterwards  become  torn,  and  little 
rows  of  cubical,  octahedral,  and  tetrahedral  crystals  (often  cross 
or  dagger-shaped)  grow  out  of  yellow  amorphous  masses.  Crystal- 
line forms  of  this  kind  are  rare,  save  in  the  case  of  dilute  solutions 
of  chloride  of  ammonium  (the  presence  of  the  latter  is,  of  course, 
rendered  by  the  treatment  impossible) ;  and  nicotine  does  not 
give  anything  similar  to  this  reaction. 

(2.)  Coniine  coagulates  albumen ;  nicotine  does  not. 

(3.)  Nicotine  yields  a  characteristic  crystalline  precipitate  with 
an  aqueous  solution  of  mercuric  chloride  ;  the  similar  precipitate 
of  coniine  is  amorphous. 

§  297.  Effects  on  Animals. — Nicotine  is  rapidly  fatal  to  all 
animal  life — from  the  lowest  to  the  highest  forms.  That  tobacco- 
smoke  is  inimical  to  insect-life  is  known  to  everybody;  very 
minute  quantities  in  water  kill  infusoria.  Fish  of  30  grms. 
weight  die  in  a  few  minutes  from  a  milligram  of  nicotine ;  the 
sym'ptoms  observed  are  rapid  movements,  then  shivering  and 
speedy  paralysis,  with  decreased  motion  of  the  gills,  and  death. 
With  frogs,  if  doses  not  too  large  are  employed,  there  is  first  great 
restlessness,  then  strong  tetanic  convulsions,  and  a  very  peculiar 
position  of  the  limbs  ;  the  respiration  after  fatal  doses  soon 
ceases,  but  the  heart  beats  even  after  death.  Birds  also  show 
tetanic  convulsions  followed  by  paralysis  and  speedy  death.  The 
symptoms  witnessed  in  mammals  poisoned  by  nicotine  are  not 
essentially  dissimilar.  With  large  doses  the  effect  is  similar  to 
that  of  prussic  acid— viz.,  a  cry,  one  or  two  shuddermg  convul- 
sions, and  death.  If  the  dose  is  not  too  large,  there  is  trembling 
of  the  limbs,  excretion  of  fffices  and  urine,  a  peculiar  condition  ot 
stupor,  a  staggering  gait,  and  then  the  animal  falls  on  its  side. 
The  respiration  at  first  quickens,  is  afterwards  slowed,  and 
becomes  deeper  than  natural;  the  pulse  also,  vnth  moderate 
doses,  is  first  slowed,  then  rises  in  frequency,  and  finally,  again 
falls.    Tetanic  convulsions  soon  develop,  during  the  tetanus  the 
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pupils  have  been  noticed  to  be  contracted,  but  afterwards  dilated 
the  tongue  and  mouth  are  livid,  and  the  vessels  of  the  ear  dilated. 
Very  characteristic  of  nicotine  poisoning  as  witnessed  in  the  cat, 
the  rabbit,  and  the  dog,  is  its  peculiarly  violent  action,  for  after 
the  administration  of  from  one  to  two  drops,  the  whole  course 
from  the  commencement  of  -symptoms  to  the  death  may  take 
place  in  five  minutes. 

The  larger  animals,  such  as  the  horse,  are  affected  similarly  to 
the  smaller  domestic  animals.  A  veterinary  surgeon,  Mr.  John 
Howard,  of  Woolwich,*  has  recorded  a  case  in  which  a  horse 
suffered  from  the  most  violent  symptoms  of  nicotine-poisoning, 
after  an  application  to  his  skin  of  a  strong  decoction  of  tobacco. 
The  symptoms  were  trembling,  particularly  at  the  posterior  part 
of  the  shoulders,  as  well  as  at  the  flanks,  and  both  fore  and  hind 
extremities  ;  the  superficial  muscles  were  generally  relaxed  and 
felt  flabby ;  and  the  pupils  were  widely  dilated.  There  was  also 
violent  dyspncea,  the  respirations  being  quick  and  short,  pulse 
32  per  minute,  and  extremely  feeble,  fluttering,  and  indistinct. 
When  made  to  walk,  the  animal  appeared  to  have  partly  lost  the 
use  of  his  hind  limbs,  the  posterior  quarter  rolling  from  side  to 
side  in  an  unsteady  manner,  the  legs  crossing  each  other,  knuck- 
ling over,  and  appearing  to  be  seriously  threatened  with  paralysis. 
The  anus  was  very  prominent,  the  bowels  extremely  irritable, 
and  tenesmus  was  present.  He  passed  much  flatus,  and  at 
intervals  of  three  or  four  minutes,  small  quantities  of  faeces  in 
balls,  partly  in  the  liquid  state,  and  coated  with  slimy  mucus. 
There  was  a  staring,  giddy,  intoxicated  appearance  about  the 
head  and  eyes,  the  visible  mucous  membrane  being  of  a  dark-red 
colour.  A  great  tendency  to  collapse  was  evident,  but  by 
treatment  with  cold  douches  and  exposure  to  the  open  air,  the 
horse  recovered. 

In  a  case  occurring  in  1863,  in  which  six  horses  eat  oats  which 
had  been  kept  in  a  granary  with  tobacco,  the  symptoms  were 
mainly  those  of  narcosis,  and  the  animals  died.f 
_  §  2p8.  Effects  on  i¥aM.— Poisoning  by  the  pure  alkaloid  nico- 
tine IS  so  rare  that,  up  to  the  present,  only  three  cases  are  on 
record.    The  first  of  these  is  ever  memorable  in  the  history  of 
toxicology,  being  the  first  instance  in  which  a  pure  alkaloid  had 
been  criminally  used.    The  detection  of  the  poison  exercised  the 
attention  of  the  celebrated  chemist  Stas.    I  allude,  of  course  to 
the  poisoning  of  M.  Fougnies  by  Count  Bocarme  and  his  wife 
iJor  the  unabridged  narrative  of  this  interesting  case,  the  reader 
may  consult  Tardieu's  Much  Medico-Legale  sur  V Empoisonnement. 
*  Veter.  Journal,  vol.  iii.. 
+  Annales  V6t6rinaires.    Bruxelles,  1868. 
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Bocarme  actually  studied  chemistry  in  order  to  prepare  the 
alkaloid  himself,  and  after  having  succeeded  in  enticing  his 
victim  to  the  chateau  of  Bitremont,  administered  the  poison 
forcibly.  It  acted  immediately,  and  death  took  place  in  five 
minutes.  Bocarme  now  attempted  to  hide  all  trace  of  the  nicotine 
by  pouring  strong  acetic  acid  into  the  mouth  and  over  the  body 
of  the  deceased.  The  wickedness  and  cruelty  of  the  crime  were 
only  equalled  by  the  clumsy  and  unskilful  manner  of  its  perpetra- 
tion. The  quantity  of  nicotine  actually  used  in  this  case  must 
have  been  enormous  ;  for  Stas  separated  no  less  than  4  grm.  from 
the  stomach  of  the  victim. 

The  second  known  case  of  nicotine-poisoning  was  that  of  a  man 
who  took  it  for  the  purpose  of  suicide.  The  case  is  related  by 
Taylor.  It  occurred  in  June,  1863.  The  gentleman  drank  an 
unknown  quantity  from  a  bottle ;  he  stared  wildly,  fell  to  the 
floor,  heaving  a  deep  sigh,  and  died  quietly  without  convulsion. 
The  third  case  happened  at  Cherbourg,*  where  an  ofl&cer  com- 
mitted suicide  by  taking  nicotine,  but  how  much  had  been  swal- 
lowed, and  what  were  the  symptoms,  are  equally  unknown,  for 
no  one  saw  him  during  life. 

Poisoning  by  nicotine,  pure  and  simple,  then  is  rare.  Tobacco- 
poisoning  is  very  common,  and  has  probably  been  experienced  in 
a  mild  degree  by  every  smoker  in  first  acquiring  the  habit. 
ITearly  all  the  fatal  cases  are  to  be  ascribed  to  accident ;  but 
criminal  cases  are  not  unknown.  Christison  relates  an  instance 
in  which  tobacco  in  the  form  of  snufi'  was  put  into  whisky  for  the 
purpose  of  robbery.  In  1854  a  man  was  accused  of  attempting 
to  poison  his  wife  by  putting  snuff  into  her  ale,  but  acquitted. 
In  another  case,  the  father  of  a  child,  ten  weeks  old,  killed  the 
infant  by  putting  tobacco  into  its  mouth.  He  defended  himself  by 
saying  that  it  was  applied  to  make  the  child  sleep. 

In  October,  1855,t  a  drunken  sailor  swallowed  (perhaps  for 
the  purpose  of  suicide)  his  quid  of  tobacco,  containing  from 
about  half  an  ounce  to  an  ounce.  He  had  it  some  time  in  his 
mouth,  and  in  half  an  hour  suffered  from  frightful  tetanic  con- 
vulsions. There  was  also  diarrhoea ;  the  pupils  were  dilated 
widely;  the  heart's  action  became  irregular;  and  towards  the 
end  the  pupils  again  contracted.  He  died  in  a  sort  of  syncope, 
seven  hours  after  swallowing  the  tobacco. 

§  299.  In  1829  a  curious  instance  of  poisoning  occurred  in  the 
case  of  two  girls,  eighteen  years  of  age,  who  suffered  from  severe 
symptoms  of  tobacco-poisoning  after  drinking  some  coffee.  They 

*  Ann.  d' Hygiene,  IS61,      -p.  m. 
t  JiJdin.  Med.  Joum.,  1855. 
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recovered ;  and  it  was  found  that  tobacco  had  been  mixed  with 
tlie  coffee-berries,  and  both  ground  up  together.* 

Accidents  have  occurred  from  children  playing  with  old  pipes. 
In  1877  t  a  child,  aged  three,  used  for  an  hour  an  old  tobacco- 
pipe,  and  blew  soap  bubbles  with  it.  Symptoms  of  poisoning 
soon  showed  themselves,  and  the  child  died  in  three  days. 

Tobacco-juice,  as  expressed  or  distilled  by  the  heat  developed 
in  the  usual  method  of  smoking,  is  very  poisonous.  Sonnen- 
schein  relates  the  case  of  a  drunken  student,  who  was  given  a 
dram  to  drink,  into  which  his  fellows  had  poured  the  juice  from 
their  pipes.  The  result  was  fatal.  Death  from  smoking  is  not 
unknown.  I     Helwig  saw  death  follow  in  the  case  of  two  brothers, 


*  Barkhausen,  Pr.  Ver.  Z/.g.,  v.,  17,  p.  83,  183S. 
t  Pharm.  Journ.  [3],  377,  1877. 

t  The  question  as  to  whether  there  is  any  nicotine  in  tobacco-smoke 
cannot  be  considered  settled ;  but  it  is  probable  that  all  the  poisonous 
symptoms  produced  are  referable  to  the  pyridene  bases  of  the  general 
formula  (CnH2n-sN).  Vohl  and  Eulenberg  {Arch.  Pharmac,  2,  cxlvi.,  p. 
130)  made  some  very  careful  experiments  on  the  smoke  of  strong  tobacco, 
burnt  both  in  pipes  and  also  in  cigars.  The  method  adopted  was  to  draw 
the  smoke  first  through  potash,  and  then  tlirough  dilute  sulphiuic  acid. 
The  potash  absorbed  prussic  acid,  hydric  sulphide,  formic,  acetic,  propio- 
nic, butyric,  valeric,  and  carbolic  acids  ;  wliile  in  the  acid  the  bases  were 
fixed,  and  these  were  found  to  consist  of  the  whole  series  of  pyridene  bases, 
from  pyridene  (C5H5N),  boil,  point  117°,  picoline  (CGH7N),  boil,  point  133°, 
lutidine  (C7H9N),  boil,  point  154°,  upwards.  When  smoked  in  pipes,  the 
chief  yield  was  pyridene ;  when  in  cigars,  coUidine  (CgHuN) ;  and  in 
general,  pipe-smoking  was  found  to  produce  a  greater  number  of  volatile 
bases.  The  action  of  these  bases  has  been  investigated  by  several  ob- 
servers. They  all  have  a  special  action  on  the  organism,  and  all  show  an 
mcrease  in  physiological  activity  as  the  series  is  ascended.  The  lowest 
produce  merely  excitement  from  ii-ritation  of  the  encephalic  nervous 
centres,  and  the  highest,  paralysis  of  those  centres.  Death  proceeds  from 
gradual  failm-e  of  the  respiratory  movements,  leading  to  asphyxia.— (Ken- 
dxick  and  Dewar,  Proc.  Roy.  Soc. ,  xxii. ,  442  ;  xxiii. ,  290).  The  derivatives  of 
the  pyridene  series  are  also  active.  The  methiodides  strongly  excite  the 
bram  and  paralyse  the  extremities.  A  similar  but  more  energetic  action  is 
exerted  by  the  ethyl  and  allyl  derivatives  ;  the  iodyallyl  derivatives  are 
strong  poisons.  Methylic  pyridene  carboxylate  is  almost  inactive,  but  the 
corresponding  ammonium  salt  gives  rise  to  symptoms  resembling  epHepsy  — 
Ramsay  Phil.  Mag.,  v.,  4,  241).  One  member  of  the  pyridene  series  /3 
lutidme  has  been  elaborately  investigated  by  C.  Greville  Williams  and  W 
H.  Waters. -(Proc.  Hoy.  Soc,  vol.  xxxii.,  p.  162,  1881).  They  conclude 
that  It  atiects  the  heart  profoundly,  causmg  an  increase  in  its  tonicity  but 
the  action  is  almost  confined  to  the  ventricles.  The  auricles  are  but  little 
attected,  and  continue  to  beat  after  the  ventricles  have  stopped.  The  rate 
of  the  heart  s  beat  is  slowed,  and  the  inhibitor-y  power  of  the  vagus  arrested 
By  Its  action  on  the  nervous  cells  of  the  spinal  cord,  it  in  thi  first  place 
lengthens  the  time  of  reflex  action,  and  then  arrests  that  function.  Finallv 
S^''''^  AV*     '"^"t^go^i^tic  to  strychnine,  and  may  be  successfully 

employed  to  arrest  the  action  of  strychnine  on  the  spinal  cord         '^'^^^  W 
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who  smoked  seventeen  and  eighteen  German  pipefuls  of  tobacco. 
Marshall'  Hall  *  records  the  case  of  a  young  man,  nineteen  years 
of  age,  who,  after  learning  to  smoke  for  two  days,  attempted  two 
consecutive  pipes.  He  suffered  from  very  serious  symptoms,  and 
did  not  completely  recover  for  several  days.  Gordon  has  also 
recorded  severe  poisoning  from  the  consecutive  smoking  of  nine 
cigars.  The  external  application  of  the  leaf  may,  as  already 
shown  in  the  case  of  the  horse,  produce  all  the  effects  of  the 
internal  administration  of  nicotine.  The  old  instance,  related 
by  Hildebrand,  of  the  illness  of  a  whole  squadron  of  hussars  who 
attempted  to  smuggle  tobacco  by  concealing  the  leaf  next  to  their 
skin,  is  well  known,  and  is  supported  by  several  recent  and  similar 
cases.  The  common  practice  of  the  peasantry,  in  many  parts  of 
England,  of  applying  tobacco  to  stop  the  bleeding  of  wounds,  and 
also  as  a  sort  of  poultice  to  local  swellings,  has  certainly  its 
dangers.  The  symptoms — whether  nicotine  has  been  taken  by 
absorption  through  the  broken  or  unbroken  skin,  by  the  bowel, 
by  absorption  through  smoking,  or  by  the  expressed  juice,  or  the 
consumption  of  the  leaf  itself — show  no  very  great  difference, 
save  in  the  question  of  time.  Pure  nicotine  acts  with  as  great  a 
rapidity  as  prussic  acid  ;  while  if,  so  to  speak,  it  is  entangled  in 
tobacco,  it  takes  more  time  to  be  separated  and  absorbed ;  besides 
which,  nicotine,  taken  in  the  concentrated  condition,  is  a  strong 
enough  base  to  have  slight  caustic  effects,  and  thus  leaves  some 
local  evidences  of  its  presence.  In  order  to  investigate  the  effects 
of  pure  nicotine,  Dworzak  and  Heinrich  made  auto-experiments, 
beginning  with  1  mgrm.  This  small  dose  produced  unpleasant 
sensations  in  the  mouth  and  throat,  salivation,  and  a  peculiar 
feeling  spreading  from  the  region  of  the  stomach  to  the  fingers 
and  toes.  With  2  mgrms.  there  was  headache,  giddiness, 
numbness,  disturbances  of  vision,  torpor,  dulness  of  hearing, 
and  quickened  respirations.  With  3  -to  4  mgrms.,  in  about 
forty  minutes  there  was  a  great  feeling  of  faintness,  intense  de- 
pression, weakness,  with  pallid  face  and  cold  extremities,  sick- 
ness, and  purging.  One  experimenter  had  shivering  of  the 
extremities  and  cramps  of  the  miiscles  of  the  back,  with  difficult 
breathing.  The  second  suffered  from  muscular  weakness,  faint- 
ing, fits  of  shivering,  and  creeping  sensations  about  the  arms. 
In  two  or  three  hours  the  severer  effects  passed  away,  but  re- 
covery was  not  complete  for  two  or  three  days.  It  is  therefore 
evident,  from  these  experiments  and  from  other  cases,  that  ex- 
cessive muscular  prostration,  difficult  breathing,  tetanic  cramps, 
diarrhoea,  and  vomiting,  with  irregular  pulse,  represent  both 

*  Ellin.  Med.  and  Surg.  Journ.,  xii.,  1816. 
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tobacco  and  nicotine  poisoning.  The  rapidly-fatal  result  of  pure 
nicotine  has  been  already  mentioned ;  but  with  tobacoo-poisonmg 
the  case  may  terminate  lethally  in  eighteen  minutes,  ihis  in- 
terval is  usually  short,  and  with  children  it  is  commonly  about 
an  hour  and  a  half,  although,  in  the  case  previously  mentioned, 
death  did  not  take  place  for  two  days. 

§  300.  Physiological  Action. — Nicotine  is  absorbed  into  the 
blood  and  excreted  unchanged,  in  part  by  the  kidneys  and  in 
part  by  the  saliva  {Dragendorff).  According  to  the  researches  of 
Rosenthal  and  Krocker,*  nicotine  acts  energetically  on  the  brain, 
at  first  exciting  it,  and  then  lessening  its  activity;  the  spinal 
marrow  is  similarly  aflFected.  The  convulsions  appear  to  have  a 
cerebral  origin;  paralysis  of  the  peripheral  nerves  follows^ later 
than  that  of  the  nerve  centres,  whilst  muscular  irritability  is 
unaffected.  The  convulsions  are  not  influenced  by  artificial  respira- 
tion, and  are  therefore  to  be  considered  as  due  to  the  direct 
influence  of  the  alkaloid  on  the  nervous  system.  Nicotine  has  a 
striking  influence  on  the  respiration,  first  quickening,  then  slow- 
ing, and  lastly  arresting  the  respiratory  movements :  section  of 
the  vagus  is  without  influence  on  this  action.  The  cause  of 
death  is  evidently  due  to  the  rapid  benumbing  and  paralysis 
of  the  respiratory  centre.  Death  never  follows  from  heart- 
paralysis,  although  nicotine  powerfully  influences  the  heart's 
action,  small  doses  exciting  the  terminations  of  the  vagus  in  the 
heart,  and  causing  a  slowing  of  the  beats.  Large  doses  paralyse 
both  the  controlling  and  exciting  nerve-centres  of  the  heart ; 
the  heart  then  beats  fast,  irregularly,  and  weakly.  The  blood- 
vessels are  first  narrowed,  then  dilated,  and,  as  a  consequence, 
the  blood-pressure  first  rises,  then  falls.  Nicotine  has  a  special 
action  on  the  intestines.  As  O.  Nasse  f  has  shown,  there  is  a 
strong  contraction  of  the  whole  tract,  especially  of  the  small 
intestine,  the  lumen  of  which  may  be,  through  a  continuous 
tetanus,  rendered  very  small.  This  is  ascribed  to  the  peripheral 
excitation  of  the  intestinal  nerves  and  the  ganglia.  The  uterus 
is  also  excited  to  strong  contraction  by  nicotine ;  the  secretions 
of  the  bile  and  saliva  are  increased. 

§  301.  Fatal  Dose. — It  is  not  possible  to  state  precisely  what  is 
the  least  fatal  dose  of  nicotine,  but  probably  6  mgrms.  would 
cause  very  dangerous  symptoms  in  an  adult. 

§  302.  Post-raortem  Appearances. — There  seem  to  be  no  appear- 
ances so  distinctive  as  to  be  justly  ascribed  to  nicotine  or  tobacco 
poisoning  and  no  other. 

*  Ueher  die  Wirhuncj  des  Nicotines  auf  den  Thierischen  Ornanismus 
Berlin,  1868. 

t  Beitrckje  ziir  Physiolorjie  der  Darmhewegung.    Lcipsic,  1866. 
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condition  of  the  blood,  and,  generally, 
the  signs  of  death  by  the  lungs,  are  those  most  frequently  found 
in  tobacco-poisoning,  when  the  leaves  themselves  have  been 
swallowed,  there  may  be  some  inflammatory  redness  of  the 
stomach  and  intestine. 

§         Separation  of  Nicotine  from  Organic  Matters,  cLx.— The 
process  for  the  isolation  of  nicotine  is  precisely  that  used  for 
conime  (see  p.  255).    It  appears  that  it  is  unaltered  by  putrefac- 
tion, and  may  be  separated  and  recognised  by  appropriate  means 
a  long  time  after  death.    Orfila  detected  it  in  an  animal  two  or 
three  months  after  death;   Melsens  discovered  the  alkaloid 
unmistakably  m  the  tongues  of  two  dogs,  which  had  been  buried 
m  a  vessel  filled  with  earth  for  seven  years ;  and  it  has  been 
found,  by  several  experiments,  in  animals  buried  for  shorter 
periods.    Nicotine  should  always  be  looked  for  in  the  tongue 
and  mucous  membrane  of  the  mouth,  as  well  as  in  the  usual 
viscera.     The  case  may  be  much  complicated  if  the  person 
supposed  to  be  poisoned  should  have  been  a  smoker;  for  the 
defence  would  naturally  be  that  there  had  been  either  excessive 
smoking  or- chewing,  or  even  swallowing  accidentally  a  quid  of 
tobacco.*    A  ptomaine  has  been  discovered  similar  to  nicotine 
(see  index,  "Ptomaines.")  Wolckenhaar  separated  also  an  alkaloid 
not  unlike  nicotine  from  the  corpse  of  a  woman  addicted  to  intem- 
perate habits  ;  but  this  base  was  not  poisonous,  nor  did  it  give  any 
crystals  when  an  ethereal  solution  was  added  to  an  ether  solu- 
tion of  iodine.    It  will  be  well  always  to  support  the  chemical 
evidence  by  tests  on  animal  life,  since  the  intensely  poisonous 
action^  of  nicotine  seems  not  to  be  shared  by  the  nicotine-like 
ptomaines. 

3.  PITURIE.t 

§  304.  Piturie  (CfiHgN)  is  a  liquid,  nicotine-like  alkaloid,  obtained  from 
the  Duboisia  liopwoodii,  a  small  shrub  or  tree  belonging  to  the  natural  order 
solanaeece,  iadigenous  in  Australia.  The  natives  mix  piturie  leaves  with  ashes 
from  some  other  plant,  and  chew  them.  Piturie  is  obtamed  by  extracting 
the  plant  with  boUing  water  acidified  with  sulphm-ic  acid,  concentrating 
the  liquid  by  evaporation,  and  then  alkalising  and  distilling  with  caustic 
soda,  and  receiving  the  distillate  in  hydrochloric  acid.  The  solution  of 
the  hydrochlorate  is  afterwards  alkalised  and  shaken  up  with  ether,  which 
readily  dissolves  out  the  piturie.  The  ether  solution  of  piturie  is  evapor- 
ated to  dryness  in  a  current  of  hydrogen,  and  the  crude  piturie  pm-iiied 

*  In  an  experiment  of  Dragendorffs,  nicotine  is  said  to  have  been  detected 
in  35  grms.  of  the  saliva  of  a  person  who  had  half  an  hour  previously  smoked 
a  cigar. 

t  See  "The  Alkaloid  from  Piturie,"  by  Prof.  Leversidge.   Chem.  xVeifs, 
March  18  and  25,  ISSl. 
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by  ilistillatioii  iii  hydrogen,  or  by  changing  it  into  its  salts,  and  again 
recovering,  &c.  It  is  clear  and  colourless  when  pure  and  fresh,  but 
becomes  yellow  or  brown  when  exposed  to  air  and  light.  It  boils  and 
distils  at  243°  to  244°.  It  is  soluble  in  all  proportions  in  alcohol,  water, 
and  ether ;  its  taste  is  acrid  and  pungent ;  it  is  volatile  at  ordinary  tem- 
peratm-es,  causing  white  fumes  with  hydrochloric  acid  ;  it  is  very  irritating 
to  the  mucous  membranes,  having  a  smell  like  nicotine  at  first,  and  then, 
when  it  becomes  browner,  like  pyridine.  It  forms  salts  with  acids,  but  the 
acetate,  sulphate,  and  hydrochlorate  are  varnish-like  films  having  no  trace 
of  crystallisation  :  the  oxalate  is  a  crystalline  salt.  Piturie  gives  precipi- 
tates with  mercuric  chloride,  cupric  sulphate,  gold  chloride,  mercur-potassic 
iodide,  tannin,  and  an  alcoholic  solution  of  iodine.  If  an  ethereal  solution  of 
iodine  is  added  to  an  ethereal  solution  of  piturie,  a  precipitate  of  yellowish- 
red  needles,  readily  soluble  in  alcohol,  is  deposited.  The  iodine  compound 
melts  at  110°,  while  the  iodine  compound  of  nicotine  melts  at  100°.  Piturie 
is  distinguished  from  coniine  by  its  aqueous  solution  not  becoming  tiu-bid 
either  on  heating  or  on  the  addition  of  chlorine  water;  it  differs  from 
picoUne  in  specific  gravity,  picoline  being  '9613  specific  gravity  at  0°,  and 
pitm-ie  sinking  in  water ;  it  differs  from  aniline  by  not  being  coloured  by 
chlorinated  lime.  From  nicotine  it  has  several  distinguishing  marks,  one 
of  the  best  being  that  it  does  not  change  colour  on  warming  with  hydro- 
chloric acid  and  the  addition  to  the  mixture  afterwards  of  a  little  nitric 
acid.  The  physiological  action  seems  to  be  but  little  difiereiit  from  that  of 
nicotine.    It  is,  of  course,  poisonous,  but  as  yet  has  no  forensic  importance. 


4.  SPARTEINE. 

§  305.  In  1851  Stenhouse*  separated  a  poisonous  volatile  alkaloid  from 
Spartium  scopar'mm,  the  common  broom,  to  which  he  gave  the  name  of 
sparteine.  At  the  same  time  a  crystalline  non-poisonous  substance,  scoparin, 
was  discovered. 

Sparteine  is  separated  from  the  plant  by  extraction  with  sulphuric  acid 
holding  water,  and  then  alkalising  the  acid  solution  and  distilliug ;  it  has 
the  formula  (C13H2CN),  and  belongs  to  the  class  of  tertiary  diamines.  It  is  a 
clear,  thick,  oily  substance,  scarcely  soluble  in  water,  to  which  it  imparts  a 
strong  alkaline  reaction;  it  boils  at  288°.  Sparteine  neutralises  acids  fully, 
but  the  oxalate  is  the  only  one  which  can  be  readily  obtained  in  crystals. 
It  forms  crystalline  salts  with  platinic  chloride,  with  gold  chloride,  with 
mercuric  chloride,  and  with  zinc  chloride.  The  picrate  is  an  especially 
beautiful  salt,  crystallising  in  long  needles,  which,  when  dried  and  heated, 
explode.  _  On  sealing  sparteine  up  in  a  tube  with  ethyl  iodide  and  alcohol, 
and  heatiag  to  100°  for  an  hour,  ethyl  sparteine  iodide  separates  in  long, 
needle-like  crystals,  which  are  somewhat  insoluble  in  cold  alcohol. 

JSffecl  on  Animals.— A  single  drop  kills  a  rabbit ;  but  the  symptoms  are 
not  yet  determined.  Mitchell  describes  a  numbness  leading  into  stupor 
and  a  comatose  condition  ;  while,  on  the  other  hand,  Schrofl'  described 
tetanic  convulsions. 


*  PJiil.  Trans.,  1851. 
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III.  THE  OPIUM  GEOUP  OF  ALKALOIDS. 

§  306.  Opium  contains  a  larger  number  of  basic  substances 
than  any  plant  known.  The  list  reaches  at  present  to  18  or 
19  nitrogenised  bases,  and  almost  each  year  there  have  been 
additions.  Some  of  these  alkaloids  exist  in  very  small  propor- 
tion, and  have  been  little  studied.  Morphine  and  narcotine  are 
those  which,  alone,  are  toxicologically  important.  Opium  is  a 
gummy  mass,  consisting  of  the  juice  of  the  incised  unripe  fruit  of 
the  Palaver  somniferum  hardened  in  the  air.  The  following  is  a 
list  of  the  constituents  which  have  been  found  in  opium  : — 


Morphine,  C17H19NO3. 
Narcotine,  C22H23NO7. 
Narceine,  C23H29NO9. 
Apomorphine,  Ci7Hx7N02 
Apocodeine,  CisHigNOj 
Pseudomorphine,  Ci7Hi9N04, 
Codamine,  C2oH2flN04. 
Ladanine,  C20H25NO4. 
Ladanosine,  C21H27NO4. 
Protapine,  C2oHj9]SrOs. 
Cryptopine,  C21H23NO5. 
Lanthopiue,  C23H25NO4. 
Hydrocotarnuie,  C12H15NO3. 
Opianine,  C21H21NO7. 
Cnoscopine,  C34H3r,N20ii. 
Rhoeadme,  C00H21NO7. 


Codeine,  C18H21NO3. 
Thebaine,  C:9A2iN03. 
Papaverine,  02iH2iN04. 
By  dehydration  of  Morphine  and  Codeine 
respectively. 

Meconidine,  C21H23NO4. 
Meconm,  CioH]o04. 
Meconic  Acid,  C7H4O7. 
Thebolactic  Acid. 
Fat. 
Resm. 
Caoutchouc. 

Gummy  Matters — Vegetable  Mucus. 
Ash,   containing  the  usual  consti- 
tuents. 


The  various  opiums  differ,  the  one  from  the  other,  in  the  per- 
centages of  alkaloids,  so  that  only  a  very  general  statement  of  the 
mean  composition  of  opium  can  be  made.  The  following  state- 
ment may,  however,  be  accepted  as  fairly  representative  of  these 
differences : — 

Per  cent. 
G  to  15 
4  to  8 
.5  to  2 
Under  1 


Morphine, 
Narcotine, 
Other  Alkaloids, 
Meconin, 
Meconic  Acid, 
Peculiar  Resin  and  Caoutchouc, 

Pat,  

Gum  and  Soluble  Humoid  Acid  Matters, 
Insoluble  Matters  and  Mucus, 

Ash,  

Water,  


;i  to  8 
5  to  10 
1  to  4 
40  to  50 
18  to  20 
4  to  8 
8  to  30 


The  general  results  of  the  analysis  of  12  samples  of  Turkey 
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opium,  purchased  by  Mr.  Bott,*  from  leading  druggists  in 
London,  Dublin,  and  Edinburgh,  are  as  follows  : — 

TFafer.— Highest,  31-2;  lowest,  18-4 ;  mean,  22-4  per  cent. 

l7isoluble  Besidue.— Highest,  47-9;  lowest,  2545;  mean,  32-48 
per  cent. 

Aqueous  ^a;«raci!.— Highest,  56-15;  lowest,  20-90;  mean, 
45-90  per  cent. 

Crude  MorjMne  (containing  about  of  pure  morphine). — 
Highest,  12-30;  lowest,  6-76 ;  mean,  9-92  per  cent.,  which  equals 
12-3  per  cent,  of  the  dried  drug. 

Persian  Opium,  examined  in  the  same  way,  varied  in  crude 
morphine  from  2-1  to  8-5  per  cent.  ;  Malwa,  from  5-88  to  7-30. 
In  18  samples  of  dilferent  kinds  of  opium,  the  mean  percentage 
of  crude  morphine  was  8-88  per  cent.  [11  per  cent,  of  the  dried 
opium].  According  to  Guibourt,  Smyrna  opium,  dried  at  100°, 
yields  11-7  to  21-46  per  cent.,  the  mean  being  12  to  14  per  cent. ; 
Egyptian,  from  5-8  to  12  per  cent. ;  Persian,  11-37  per  cent.  In 
East  Indian  Patna  opium,  for  medical  use,  he  found  7-72 ;  in  a 
sample  used  for  smoking,  5-27  per  cent.  ;  in  Algerian  opium,  12-1 
per  cent. ;  in  French  opium,  14-8  to  22-9  per  cent. 

§  307.  Action  of  Solvents  on  Opium. — The  action  of  various 
solvents  on  opium  has  been  more  especially  studied  by  several 
scientists  who  are  engaged  in  the  extraction  of  the  alkaloids. 

Water  dissolves  nearly  everything  except  resin,  caoutchouc, 
and  woody  fibre.  Free  morphine  would  be  left  insoluble ;  but  it 
seems  always  to  be  combined  with  meconic  and  acetic  acids. 
The  solubility  of  free  narcotine  in  water  is  extremely  small. 

Alcohol  dissolves  resin  and  caoutchouc,  and  all  the  alkaloids 
and  their  combinations,  with  meconic  acid,  &c. 

Amylic  Alcohol  dissolves  all  the  alkaloids,  if  they  are  in  a  free 
state,  and  it  also  takes  up  a  little  of  the  resin. 

Ether,  Benzene,  and  Carbon  Sulphide  do  not  dissolve  the 
resin,  and  only  slightly  morphine,  if  free ;  but  they  dissolve  the 
other  free  alkaloids  as  well  as  caoutchouc. 

Acids  dissolve  all  the  alkaloids  and  the  resin. 

Fixed  Alkalies,  in  excess,  dissolve  in  part  resin;  they  also 
dissolve  morphine  freely  ;  narcotine  remains  insoluble. 

Lime  Water  dissolves  morphine,  but  is  a  solvent  for  narcotine 
only  in  presence  of  morphine. 

Ammonia  dissolves  only  traces  of  morphine;  but  narceine  and 
codeine  readily.  It  does  not  dissolve  the  other  alkaloids,  nor 
does  it  dissolve  the  resin. 

§  308.  Assay  of  Opium.—The  following  processes  may  be 
described : — 

*  Year  Boole  of  Pharmacy,  1876. 
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(1.)  Prollius'  MetJwcl—VroWiM^*  has  published  a  simpk^  process 
ot  opium  assay.  The  opium  is  exhausted  by  %yater,  the  watery 
extract  evaporated,  and  the  residue  dissolved  in  alcohol  of  34 
per  cent.,  and  diluted,  so  that  every  10  cc.  of  the  alcoholic  solution 
are  equivalent  to  1  grm.  of  the  opium.  100  measures  of  the 
alcoholic  solution  are  shaken  with  5  of  ether  and  1  of  ammonia, 
aiid  the  liquid  allowed  to  stand  twenty-four  hours.  The  morphine 
sinks  in  crystals  to  the  bottom,  while  the  narcotine  and  other 
alkaloids  are  dissolved  by  the  ether,  and  remain  in  solution.  The 
crystals  may  now  be  collected,  and  either  weighed  or  titrated 
with  decinormal  acid;  1  cc.  of  decinormal  acid  equals  -0285 
anhydrous  morphine. 

(2.)  FlucMger's  Method,  as  modified  by  Mylius,t  is  very  accurate, 
and  is  as  follows  : — 15  grms.  are  carefully  dried  at  100°,  and 
the  water  estimated  from  the  loss.  The  dried  opium  is  powdered, 
and  8  grms.  of  the  powder  extracted  by  absolute  ether  to  remove 
wax,  narcotine,  and  colouring-matter.  The  residue  is  freed  from 
ether,  and  digested  for  twelve  hours  in  a  closed  flask  with  80  cc.  of 
water;  the  liquid  is  filtered,  and  42-5  grms.  of  the  filtrate 
(equivalent  to  5  grms.  of  the  dried  sample)  are  transferred  to  a 
small  flask  ;  17  cc.  of  ether-alcohol  (made  by  mixing  100  grms.  of 
ether  with  120  grms.  of  alcohol,  specific  gravity  -815)  are  added, 
and  1-5  grms.  of  ammonia  of  -860  specific  gravity.  The  flask 
is  then  .closed,  shaken,  and  put  on  one  side  for  twenty-four  hours. 
The  morphine  is  now  brought  on  to  a  weighed  filter,  which  can 
be  effected  by  detaching  any  crystals  sticking  to  the  side  of  the 
flask  by  a  glass  rod ;  they  can  be  washed  by  a  few  cc.  of  ether- 
alcohol,  and  the  filter  gently  pressed  between  folds  of  blotting- 
paper  till  free  from  mother  liquor,  dried  at  100°,  and  weighed ; 
the  results  being  too  low,  on  account  of  the  slight  solubility  of 
morphine  in  ether-alcohol,  -088  grms.  of  morphine  are  to  be 
added,  and  then  the  results  are  said  to  be  absolutely  correct. 
The  weight  may  be  checked  by  titration  with  decinormal  acid. 

(3.)  Hager's  Method  has  the  merit  of  being  speedy,  although 
the  results  are  not  perfectly  accurate.  5  grms.  of  the  powdered 
opium  are  thoroughly  mixed  in  a  mortar  with  previously  slaked 
lime,  and  then  heated  in  a  flask  for  an  hour  Avith  50  grms.  of 
distilled  water  at  a  boiling  temperature.  The  whole  is  thrown 
on  a  small  filter,  and  washed  Avith  hot  water  until  the  filtrate 
weighs  SO  grms.  This  filtrate  is  concentrated  in  the  water-bath 
to  50  grms.,  and  placed  in  a  conical  glass  ;  1'5  grms.  of  ether,  and 
6  drops  of  good  benzene  are  then  added,  Avhich  hasten  the 


*  Pharm.  Central-Halle,  1S7S,  20. 
t  Arch.  Pharm.  (3.),  xv.,  p.  310. 
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separation  of  morphine,  and  hinder  the  adhesions  of  crystals  to 
the  sides  of  the  glass.  The  liquid  is  well  stirred,  and  3-5'grms. 
of  chloride  of  ammonium  are  added.  After  three  hours  the 
morphine  is  thus  precipitated,  separated  by  filtration,  and  weighed. 
The  precipitate  may  be  purified  by  washing  with  ether  ;  some^ 
morphine  ahvays  remains  in  solution,  but  it  may,  as  Dragendorff" 
suggests,  be  recovered  by  shaking  the  alkaline  solution  with 
amyl  alcohol.* 

§  309.  Medicinal  and  other  Preioarations  of  Opittm. — The  chief 
mixtures,  pills,  and  other  forms,  officinal  and  non-officinal,  in 
which  opium  may  be  met  with,  are  as  follows  : — 

*  Other  methods  of  opium  assay  have  been  published  :  see  Mr.  A.  B. 
Prescott's  method  (Proceedings  of  Amer.  Pharm.  Assoc.,  1878);  Allen 
{Commercial  Org.  Anahjsis,  vol.  ii.,  p.  473)  ;  E.  E.  Stxuibb's  modiiication 
of  Fllickiger's  method  {Pharm.  Journ.  (3),  xii.,  p.  724) ;  a  rapid  mode  of 
opium  assay,  MM.  Fortes  and  Lanjlois  (Journ.  de  Pharm.  ei  de  China., 
Nov.,  1881),  Year  Booh  of  Pharmacy,  1882. 

To  the  above  maybe  added— (1.)  Schachfs  Method.— Five  to  10  grms, 
of  dry,  finely-powdered  opium  are  digested  with  suflacient  distilled  water 
to  make  a  thin  pulp.  After  twenty-four  hours  the  whole  is  thrown 
on  a  weighed  filter,  and  washed  until  the  washings  are  almost  colourless 
and  tasteless.  The  portion  insoluble  in  water  is  dried  at  100°  and 
weighed ;  in  good  opiiim  this  should  not  exceed  40  per  cent.  The  filtrate 
is  evaporated  until  it  is  about  one-fifth  of  the  weight  of  the  opium 
taken  originally  ;  cooled,  filtered,  and  treated  with  pure  animal  charcoal, 
until  the  dark-brown  colour  is  changed  into  a  brownish-yellow.  The 
liquid  is  then  refiltered,  precipitated  with  a  slight  excess  of  ammonia, 
a,llowed  to  stand  in  an  open  vessel  until  all  odour  of  ammonia  dis- 
appears, and  at  the  same  time  frequently  stirred,  in  order  that  the  pre- 
cipitate may  not  become  crystalline — a  form  which  is  always  more 
difiicult  to  piirify.  The  precipitate  is  now  collected  on  a  tared  filter, 
washed,  dried,  and  weighed.  With  an  opium  containing  10  per  cent,  of 
morphine  its  weight  is  usually  14  per  cent.  A  portion  of  the  precipitate  is 
then  detached  from  the  filter,  weighed,  and  exhausted,  first  with  ether,  and 
afterwards  with  boiling  alcohol  (O'Sl  specific  gi'avity).  Being  thus  purified 
from  narcotine,  and  containing  a  little  colouring-matter  only,  it  may  now 
be  dried  and  weighed,  and  the  amount  of  morphine  calculated,  on  the  whole, 
from  the  data  obtained. 

(2. )  Fhury  has  proposed  a  titration  by  oxalic  acid  as  follows  : — 2  grms. 
of  the  powdered  opium  are  macerated  a  few  hours  with  8  cc.  of  aqueous 
oxalate  of  ammonia,  brought  on  a  filter,  and  washed  with  5  cc.  of  water. 
To  the  filtrate  an  equal  volume  of  80  per  cent,  alcohol  and  ammonia  to 
alkaline  reaction  is  added  ;  and,  after  standing  twenty -four  hours  in  a  closed 
flask,  it  is  filtered,  and  the  flask  rinsed  out  with  some  cc.  of  40  per  cent,  alco- 
hol. The  filter  with  its  contents,  after  drying,  is  placed  in  the  same  flask 
(which  should  not  be  cleansed),  a  few  drops  of  alcoholic  logwood  solution  are 
added,  with  an  excess  of  oxalic  acid  solution  of  known  strength,  the  whole 
being  made  up  to  100  cc.  This  is  divided  into  two  parts,  and  the  excess  of 
acid  titrated  back  with  diluted  soda-lye.  If  the  oxalic  acid  solution  is  of 
the  strength  of  4-42  grms.  to  the  litre,  every  cc.  of  the  oxahc  acid  solution 
which  has  become  bound  up  with  morphine,  corresponds  to  0  02  grm.  of 
morphine. 
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(1.)  Officinal. 

Compound  Tincture  of  Camphor,  P.  B.*— Opium,  camphor, 
benzoic  acid,  oil  of  anise,  and  proof  spirit. 

Opium,    .       .    41  by  weight  in  100  by  measure. 
Benzoic  Acid,  .41  „ 
Camphor,        .31  „ 

One  grain  of  opium  is  contained  in  half  an  ounce  of  the  tincture. 

Ammoniated  Tincture  of  Opium. — Strong  solution  of  ammonia, 
rectified  spirit,  opium,  oil  of  anise,  saffron,  and  benzoic  acid. 

Opium,        .    1-04  parts  by  weight  in  100  by  measure. 
Benzoic  Acid,  1-87  „ 

One  grain  of  opium  in  every  96  minims. 


The  Compound  Powder  of  Kino,  P.  B. 

Opium,  .... 
Cinnamon,  .... 
Kino,  ..... 

The  Compound  Powder  of  Opium,  P.  B 

Opium, 
Black  Pepper, 
Ginger, 

Caraway  Fruit, 
Tragacanth,  . 

Pill  of  Lead  and  Opium,  P.  B. 

Acetate  of  Lead,  . 
Opium, 

Confection  of  Roses, 


5  per  cent. 
20 
75 


10-00  per  cent. 
13-33 
33-33 
40-00 
3-33 


76-0  per  cent. 
12-5 
12-5 


—Opium  and  proof  spirit, 
that  is,  about  6-7  parts  by 


Tincture  of  Opium  ifjaudanum) 
One  grain  of  opium  in  14-8  min.- 
weight  in  100  by  measure. 

The  amount  of  opium  actually  contained  in  laudanum  has 
recently  been  investigated  by  Mr.  Woodland,*  from  fourteen 
samples  purchased  from  London  and  provincial  chemists.  The 
highest  percentage  of  extract  was  5-01,  the  lowest  3*21,  the 

*  The  common  appellation  of  this  tincture  is  Paregoric  or  Paregoric 
EUxir. 

*  Year  Booh  of  Pharmacy,  \%S2. 
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mean  being  4-24;  the  highest  percentage  of  morphine  was  -70 
ner  cent.,  the  lowest  -32,  the  mean  being  -51  per  cent.  It  is, 
therefore,  clear  that  laudanum  is  a  liquid  of  very  uncertain 

strength.  .         ^  .      n  j. 

Aromatic  Powder  of  Chalk  and  Opium.— O^ium  2-5  per  cent., 
the  rest  of  the  constituents  being  cinnamon,  nutmeg,  saflron, 
cloves,  cardamoms,  and  sugar. 

Compound  Poxoder  of  Ipecacuanha  (Dover's  Powder). 

Opium,  10  per  cent. 

Ipecacuanha,  .  •  •  •  " 
Sulphate  of  Potash,      ...       •       80  „ 

Confection  of  Opium  (Confectio  opii)  is  composed  of  syrup  and 
compound  powder  of  opium;  according  to  its  formula,  it  contains 
2-4  per  cent,  of  opium  by  weight. 

Extract  of  Ojyitom  contains  the  solid  constituents  capable  of 
extraction  by  water ;  its  strength  is  about  the  same  as  opium 
itself. 

Liquid  Extract  of  Opium  has  been  also  recently  examined  by 
Mr.  Woodland:*  ten  samples  yielded  as  a  mean  3-95  per  cent, 
of  dry  extract,  the  highest  number  being  4-92  per  cent.,  the 
lowest  3-02.  The  mean  percentage  of  morphine  was  -28  per 
cent.,  the  highest  amount  being  -37,  and  the  lowest  -19  per  cent. 

Liniment  of  Opium^  is  composed  of  equal  parts  of  laudanum 
and  soap  liniment;  it  contains  about  3*7  per  cent,  dry  opium. 

The  Compound  Soap-pill  is  made  of  soap  and  opium,  one  part 
of  opium  in  every  five  of  the  mass — i.e.,  20  per  cent. 

Ipecacuanha  and  Morphine  Lozenges,  as  the  last,  with  the  addi- 
tion of  ipecacuanha ;  each  lozenge  contains  ^  grain  (1-8  mgrms.) 
morphine  hydrochlorate,      grain  (5-4  mgrms.)  ipecacuanha. 

Morphia  Suppositories  are  made  with  hydrochlorate  of  mor- 
phine, benzoated  lard,  white  wax,  and  oil  of  theobroma;  each 
suppository  contains  ^  grain  (32'4  mgrms.)  of  morphine  salt. 

Opiiom  Lozenges  are  composed  of  opium  extract,  tincture  of 
tolu,  sugar,  gum,  extract  of  liquorice,  and  water.  Each  lozenge 
contains  one-tenth  of  a  grain  (6 '4  mgrms.)  of  extract  of  opium. 

The  Ointment  of  Galls  and  Opiiom  contains  one  part  of  opium 
in  14'5  parts  of  the  ointment — i.e.,  opium  6*9  per  cent. 

Opium  Wine,  P.  B. — Sherry,  opium  extract,  cinnamon,  and 
cloves.  About  4-5  of  opium  extract  by  weight  in  100  parts  by 
measure  (22  grains  to  the  ounce). 

Solutions  of  Morphine,  both  of  the  acetate  and  hydrochlorate. 


*  Op.  cil. 
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P.  B.,  are  made  with  a  little  free  acid,  and  with  rectified  spirit. 
The  strength  of  each  is  half  a  grain  in  each  fluid  drachm  (-0324 
grm.  m  3-549),  or  -91  part  by  weight  in  100  by  measure. 

Morphia  Lozenges  are  made  with  the  same  accessories  as  opium 
lozenges,  substituting  morphine  for  opium  ;  each  lozenge  contains 
grain  of  hydrochlorate  of  morphia  (1-8  mgrms.) 

Syrup  of  Poppies. — The  ordinary  syrup  of  poppies  is  sweetened 
laudanum.  It  should,  however,  be  what  it  is  described— viz., 
a  syrup  of  poppy-heads.  As  such,  it  is  said  to  contain  one  grain 
of  extract  of  opium  to  the  ounce. 


(2.)  Patent  and  other  Non-Officinal  Preparations 

OP  Opium. 

Gotjfi-ey's  Cordial  is  made  on  rather  a  large  scale,  and  is  vari- 
able in  strength  and  composition.  It  usually  contains  about  IJ 
grains  of  opium  in  each  fluid  ounce,*  and,  as  other  constituents  : 
sassafras,  molasses  or  treacle,  rectified  sj)irit,  and  various  flavour- 
•■«^ng  ingredients,  especially  ginger,  cloves,  and  coriander ;  aniseed 
"and  caraAvays  may  also  be  detected. 

Grinrod's  Remedy  for  Spasms  consists  of  hydrochlorate  of 
morphine,  spirit  of  sal-volatile,  ether,  and  camphor  julap  ;  strength, 
1  grain  of  the  hydrochlorate  in  every  6  ounces. 

Lemaurier's  Odontalgic  Essence  is  acetate  of  morphine  dissolved 
in  cherry-laurel  water ;  strength,  1  grain  to  the  ounce. 

Nepenthe  is  a  preparation  very  similar  to  Liq.  Opii  sedativ.,  and 
is  of  about  the  same  strength  as  laudanum,  f 

Black  Drop  (known  also  by  various  names,  such  as  Armstrong's 
Black  Droj))  is  essentially  an  acetic  acid  solution  of  the  consti- 
tuents of  opium.  It  is  usually  considered  to  be  of  four  times 
the  strength  of  laudanum.  The  wholesale  rec'eij)t  for  it  is : 
Laudanum,  1  ounce,  and  distilled  vinegar  1  quart,  digested  for 
a  fortnight.  The  original  formula  proposed  by  the  Quaker 
doctor  of  Durham,  Edward  Tunstall,  is — Opium,  sliced,  -|  lb. ; 
good  verjuice, J  3  pints;  and  nutmeg,  1|-  ounce;  boiled  down  to 
a  syrupy  thickness  ;  ■  ^  lb.  of  sugar  and  2  teaspoonfuls  of  yeast  are 
then  added.  The  whole  is  set  in  a  warm  place  for  six  or  eight 
weeks,  after  which  it  is  evaporated  in  the  open  air  until  it 
becomes  of  the  consistence  of  a  syrup.    It  is  lastly  decanted  and 

*  If  made  according  to  Dr.  Paris'  formula,  \\  grains  in  an  ounce. 
•■\  It  may  be  regarded  as  a  purified  alcoholic  solution  of  meconate  of 
■  morphia,  with  a  little  excess  of  acid,  and  of  about  the  same  strength  as 
laudanum.    ( Taylor. ) 

X  Verjuice  is  the  juice  of  the  wild  crab. 
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filtered,  a  little  sugar  is  added,  and  the  liquid  made  up  to 
2  pints. 

'^Nurse^s  Drops"  seem  to  be  composed  of  oil  of  caraway  and 
laudanum. 


Dolby's  Ca/rminative — 

Carbonate  of  Magnesia,        .  . 
Tincture  of  Castor,  and  Compound 
Tincture  of  Cardamons,  of  each 
Laudanum,  . 
Oil  of  Aniseed, 
Oil  of  Nutmeg, 
Oil  of  Peppermint, 
Peppermint  Water, 


40  grains. 


15  drops. 
6  „ 
3  „ 
2  „ 

1  » 

2  fl.  ounces. 


Dose,  from  a  half  to  one  teaspoonful. 
laudanum,  but  instead  syrup  of  poppies. 


Another  recipe  has  no 


Chlorodyne — Brown's  chlorodyne  is  composed  of — 

Chloroform,  .       .        .  , 
Chloric  Ether, 
Tincture  of  Capsicum,  . 
Hydrochlorate  of  Morphine, 
Scheele's  Prussic  Acid, 
Tincture  of  Indian  Hemp,  . 
Treacle,       .       .       .  . 

Atkinson's  Infant  Preserver  

Carbonate  of  Magnesia, 
White  Sugar, 
Oil  of  Aniseed, 
Spirit  of  Sal-volatile, 
Laudanum,  . 
Syrup  of  SaflFron,  . 
Caraway  Water,  to  make  up 

JBoerhave's  Odontalgic  Essence — 

Opium, 
Oil  of  Cloves, 
Powdered  Camphor, 
Rectified  Spirit,  . 


6  drachms. 

1  „ 

1 

2  5) 

8  grains. 
12  drops. 
1  drachm. 
1 


6  drachms. 

2  ounces. 

20  drops. 
2^  drachms. 
1 

1  ounce. 

1  pint. 


^  drachm. 
2 
5 


fl.  ounce. 

5,  Ji  f^r;/^"'f^^'f:~'^^  y^^^S'  1876-1880,  393  males 

and  250  females  died  from  some  form  or  other  of  opium  poiso^- 

18 
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ing ;  2  only  out  of  tlie  whole  number  were  cases  of  murder,  and 
in  both  the  victims  were  infants;  22*4  per  cent,  of  the  female 
cases  and  30"5  of  the  males  were  suicidal. 

The  following  table  gives  a  summary  of  the  sex  and  ages  of 
those  poisoned,  and  the  particular  form  of  opiate  used  : — 

TABLE  X.  —  SHOWING  THE  NUMBER  OP  DEATHS  FROM 
VARIOUS  FORMS  OF  OPIUM  IN  ENGLAND,  DURING 
THE  FIVE  YEARS,  1876-80. 
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The  total  cases  of  death  from  all  poisons  m  the  five  years,  m 
England  were  1581,  so  that  some  form  of  opium  poisoning 
accounted  for  40-7  per  cent,  of  the  total  deaths  from  all  kinds 
of  poison.    This  is  a  higher  percentage  than  that  found  m  any 
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other  European  country.  In  France,  opium  or  morphine  poison- 
ing accounts  for  about  1  per  cent,  of  the  whole  ;  and  Denmark, 
Sweden,  Switzerland,  Germany,  all  give  very  small  proportional 
numbers ;  arsenic,  phosphorus,  and  the  acids  taking  the  place 
of  opiates.  The  more  considerable  mortality  arises,  in  great 
measure,  from  the  pernicious  practice — both  of  the  hardwork- 
ing English  mother  and  of  the  baby  farmer — of  giving  infants 
various  forms  of  opium  sold  under  the  name  of  ''soothing  syrups" 
"  infants'  friends"  "  infants'  preservatives"  "  nurse's  drops" 
and  the  like,  to  allay  restlessness,  and  to  keep  them  during  the 
greater  part  of  their  existence  asleep.  Another  fertile  cause  of 
accidental  poisoning  is  mistakes  in  dispensing;  but  these  mistakes 
seem  to  happen  more  frequently  on  the  Continent  than  in 
England.  This  is  in  some  degree  due  to  the  decimal  system, 
which  has  its  dangers  as  well  as  its  advantages,  e.g. : — A  physician 
ordered  -5  grm.  of  morphine  acetate  for  a  child,  but  omitted 
the  decimal  point,  and  the  apothecary,  therefore,  gave  ten  times 
the  dose  desired,  with  fatal  effect.  Again,  morphine  hydro- 
chlorate,  acetate,  and  other  soluble  salts  are  liable  to  be  mistaken 
for  other  whitfe  powders,  and  in  this  way  unfortunate  accidents 
have  occurred — accidents  that,  with  proper  dispensing  arrange- 
ments, should  be  impossible. 

§  311.  Poisoning  of  Children  hy  Opium. — The  drugging  of 
children  by  opium— sometimes  with  a  view  to  destroy  life,  some- 
times merely  for  the  sake  of  the  continual  narcotism  of  the 
infant— is  especially  rife  in  India.*  A  little  solid  opium  is 
applied  to  the  roof  of  the  mouth,  or  smeared  on  the  tongue,  and 
some  Indian  mothers  have  been  known  to  plaster  the  nipples 
with  opium,  so  that  the  child  imbibes  it  with  the  milk.  Euro- 
peans, again  and  again,  have  discovered  the  native  nurses 
administering  opiates  to  the  infants  under  their  care,  and  it  is 
leared  that  m  many  cases  detection  is  avoided. 

The  ignorant  use  of  poppy-tea  has  frequently  caused  the  death 
01  young  children,  thus  in  1875  an  inquest  was  held  at  Chelsea 
on  the  body  of  a  little  boy,  two  years  and  a  half  old.  He  had 
been  suffering  from  whooping-cough,  and  enlargement  of  the 
bowels,  and  poppy-tea  was  by  the  advice  of  a  neighbour  given 

r.T"  ^Two  poppy-heads  were  used  in  making  a  quart  of  tea, 
and  the  boy,  after  drinking  a  great  portion  of  it,  fell  into  a  deep 
sleep  and  died  with  all  the  symptoms  of  narcotic  poisoning. 

S  '^^^■_I>oses  of  Opium  and  Morphia.~0^mm  in  the  solid  state 
IS  prescribed  for  adults  m  quantities  not  exceeding  3  grains,  the 
usual  dose  being  from  16-2  mgrms.  to  64-8  mgrms.     to  1  grain) 

*  See  Dr.  Chever's  "Jurisprudence,"  3rd  Ed.,  232  et  seq. 


276 


POISONS  :   THEIR  EFFECTS  AND  DETECTION. 


[§313. 


The  extract  of  opium  is  given  in  exactly  the  same  proportions 
(special  circumstances,  such  as  the  habitual  use  of  opium,  ex- 
cepted); the  dose  of  all  the  compounds  of  opium  is  mainly- 
regulated  by  the  proportion  of  opium  contained  in  them. 

The  dose  for  children  (who  bear  opium  ill)  is  usually  very 
small ;  single  drops  of  laudanum  are  given  to  infants  at  the 
breast,  and  the  dose  cautiously  increased  according  to  age. 
Most  practitioners  would  consider  half  a  grain  a  very  full  dose, 
and,  in  cases  requiring  it,  would  seldom  prescribe  at  first  more 
than  jL-  to  i  grain. 

The  dose  of  solid  opium  for  a  horse  is  from  1-77  grms.  to 
7-08  grms.  (|  drachm  to  2  drachms) ;  in  extreme  cases,  however, 
4  drachms  (14-16  grms.)  have  been  given. 

The  dose  for  large  cattle  is  from  -648  to  3-88  grms.  (10  to  60 
grains) ;  for  calves,  -648  grm.  (10  grains) ;  for  dogs  it  is  greatly 
regulated  by  the  size  of  the  animal,  16-2  to  129-6  mgrms.  (i  grain 
to  2  grains). 

Fatal  Dose.— Gases  are  recorded  of  infants  dying  from  ex- 
tremely small  doses  of  opium — e.g.,  -7,  4-3,  and  8-1  mgrms. 
and  i  of  a  grain);  but  in  such  instances  one  cannot  help 
suspecting  some  mistake.  It  may,  however,  be  freely  conceded 
that  a  very  small  quantity  might  be  fatal  to  infants,  and  that 
3  mgrms.  given  to  a  child  under  one  year  would  probably  develop 

serious  symptoms.  i  r  .  i 

The  smallest  dose  of  solid  opium  known  to  have  proved  fatal 
to  adults  was  equal  to  256  mgrms.  (4  grains)  of  crude  opium 
(Taylor),  and  the  smallest  dose  of  the  tincture  (laudanum), 
7-0  cc.  (2  drachms),  (Taylor) ;  the  latter  is,  however,  as  already 
shown,  uncertain  in  its  composition.  _ 

A  dangerous  dose  (save  under  special  circumstances)  is:— J^or 
a  horse,  14-17  grms.  (4  drachms);  for  cattle,  r04  grms.  (2 
drachms) ;  for  a  dog  of  the  size  and  strength  of  a  foxhound, 
182  mgrms.  (3  grains).  ■  n     x  i  j 

Enormous  and  otherwise  fatal  doses  may  be  taken  under 
certain  conditions  by  persons  who  are  not  opium-eaters,  i  have 
seen  13  cgrms.  (2  grains)  of  morphine  acetate  miected  hypodermi- 
cally  in  a  strong  man  suffering  from  rabies,  with  but  little 
effect.  Tetanus,  strychnine,  convulsions,  and  excessive  pam  all 
decrease  the  sensibility  of  the  nervous  system  to  opium. 

§  313.  General  Method  for  the  Detectwn  of  Oinum.-lt  ^sually 
laid  down  in  forensic  works  that  yhere  P'^^^^^^;^^^;^^^;^,^ 
uspected,  it  is  sufficient  to  detect  the  presence  ^J'JJ'''^^^ 
in  order  to  establish  that  of  opium.  In  a  ^^^^^.^^^.f"^'^'^^^ 
ing  there  is  generally  substance  enough  available  to  obtain  one 
or  more  alkaloids,  and  the  presence  of  opium  may,  without  a 
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reasonable  doubt,  be  proved,  if  meconic  acid  (as  well  as  either 
morphine,  narcotine,  thebaine,  or  other  opium  alkaloid)  has  been 
detected.  Pills  containing  either  solid  opium  or  the  tincture, 
usually  betray  the  presence  of  the  drug  by  the  odour,  and  in 
such  a  case  there  can  be  no  possible  difficulty  in  isolating  mor- 
phine and  meconic  acid,  with  probably  one  or  two  other  alkaloids. 
The  method  of  extraction  from  organic  fluids  is  the  same  as 
before  described,  but  it  may,  of  course,  be  modified  for  any 
special  purpose.  If  opium,  or  a  preparation  of  opium,  be  sub- 
mitted to  Dragendorfi"'s  process  (see  p.  224),  the  following  is  a 
sketch  of  the  chief  points  to  be  noticed. 
If  the  solution  is  acid — 

(1.)  Benzene  mainly  extracts  meconin,  which  dissolves  in  sul- 
phuric acid  very  gradually  (in  twenty-four  to  forty-eight  hours), 
with  a  green  colour  passing  into  red.  Meconin  has  no  alka- 
loidal  reaction. 

(2.)  Amyl  alcohol  dissolves  small  quantities  of  meconic  acid, 
identified  by  striking  a  blood-red  colour  with  ferric  chloride. 

If  now  the  amyl  alcohol  is  removed  with  the  aid  of  petroleum 
ether,  and  the  fluid  made  alkaline  by  ammonia — 

(1.)  Benzene  extracts  narcotine,  codeine,  and  thebaine.  On  eva- 
poration of  the  benzene  the  alkaloidal  residue  may  be  dissolved 
in  water,  acidified  with  sulphuric  acid,  and  after  filtration,  on 
adding  ammonia  in  excess,  thebaine  and  narcotine  are  precipitated, 
codeine  remaining  in  solution.  The  dried  precipitate,  if  it  con- 
tain thebaine,  becomes  blood-red  when  treated  with  cold  concen- 
trated sulphuric  acid,  while  narcotine  is  shown  by  a  violet  colour 
developing  gradually  when  the  substance  is  dissolved  in  dilute 
sulphuric  acid  1  :  5,  and  gently  warmed.  The  codeine  in  the 
ammoniacal  solution  can  be  recovered  by  shaking  up  with  ben- 
zene, and  recognised  by  the  red  colour  which  the  solid  substance 
gives  when  treated  with  a  little  sugar  and  sulphuric  acid. 

(2.)  Chloroform  especially  dissolves  the  narceine,  which,  on  eva- 
poration of  the  chloroform,  may  be  identified  by  its  general 
characters,  and  by  its  solution  in  Frohde's  reagent  becoming  a 
beautiful  blue  colour.  Small  quantities  of  morphine  may  be 
extracted  with  codeine. 

(3.)  Amyl  alcohol  extracts  from  the  alkaline'  solution  morphine, 
identified  by  its  physical  characters,  by  its  forming  a  crystalline 
precipitate  with  iodine  and  hydriodic  acid,  and  the  reaction  with 
iodic  acid  to  be  described. 

§  ^U.  -Morphine  (Oi^H^gNOg -i- HgO).— Morphine  occurs  in 
commerce  as  a  white  powder,  usually  in  the  form  of  more  or  less 
perfect  six-sided  prisms,  but  sometimes  in  that  of  white  silky 
needles.   When  heated  in  the  subliming  cell  (described  at  p.  242) 
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faint  nebulae,  resolved  by  high  microscopic  powers  into  minute 
dots,  appear  on  the  upper  disc  at  150°.  As  the  temperature  is 
raised  the  spots  become  coarser,  and  at  188°  distinct  crystals  may 
be  obtained,  the  best  being  formed  at  nearly  200°,  at  which  tem- 
perature morphine  begins  distinctly  to  brown,  melt,  and  carbonise. 
At  temperatures  below  188°,  instead  of  minute  dots,  the  subli- 
mate may  consist  of  white  circular  spots  or  foliated  patterns. 
One  part  of  morphine,  according  to  P.  Ohastaing,  is  soluble  at  a 
temperature  of  3°  in  33,33-3  parts  of  water;  at  22°,  in  4,545 
parts  ;  at  42°,  4,280  ;  and  at  100°,  4,562.  It  is  scarcely  soluble  in 
ether  or  benzene.  Absolute  alcohol,  according  to  Pettenkofer, 
dissolves  in  the  cold  one-fortieth  of  its  weight,  boiling,  one- 
thirtieth.  Amyl  alcohol,  in  the  cold,  dissolves  one-fourth  per 
cent.,  and  still  more  if  the  alkaloid  be  thrown  out  of  an  aqueous 
acid  solution  by  ammonia  in  the  presence  of  amyl  alcohol ;  for 
under  such  circumstances  the  morphine  has  no  time  to  become 
crystalline.  According  to  Schlimpert,  1  part  of  morphine  re- 
quires 60  of  chloroform  for  solution ;  according  to  Pettenkofer, 
175. 

Morphine  is  easily  soluble  in  dilute  acids,  as  well  as  in  solu- 
tions of  the  caustic  alkalies  and  alkaline  earths ;  carbonated 
alkalies  and  chloride  of  ammonium  also  dissolve  small  quantities. 
The  acid  watery,  and  the  alcoholic  solutions,  turn  the  plane  of 
polarisation  to  the  left;  for  sulphuric,  nitric,  and  hydrochloric 
acids  [a]r  —  89-8° ;  in  alkaline  solution  the  polarisation  is  less, 
=  45-22°.  It  is  alkaline  in  reaction,  neutralising  acids 
fully ;  and,  in  fact,  a  convenient  method  of  titrating  morphine  is 
by  the  use  of  a  centinormal  sulphuric  acid — each  cc.  equals  2-85 
mgrms.  of  anhydrous  morphine. 

§  315.  The  salts  of  morphine  are  for  the  most  part  crystalline, 
and  are  all  bitter,  neutral,  and  poisonous.  They  are  insoluble 
in  amylic  alcohol,  ether,  chloroform,  benzene,  or  petroleum  ether. 

MorpJmie  Meconate  is  one  of  the  most  soluble  of  the  morphine 
salts  ;  it  is  freely  soluble  in  water.  Of  all  salts  this  is  most 
suitable  for  subcutaneous  injection ;  it  is  the  form  in  which  the 
alkaloid  exists  in  opium. 

Morphine  Hydrochlorate  (Ci^HigNOgHCl)  crystallises  in  silky 
fibres;  it  is  readily  soluble  in  alcohol,  and  is  soluble  in  cold, 
more  freely  in  boiling  water.  The  purest  morphine  hydrochlorate 
is  colourless,  but  that  which  is  most  frequently  met  AVith  m 
commerce  is  fawn  or  buff-coloured. 

Morphine  Acetate  is  a  crystallisable  salt,  soluble  in  water  or 
alcohol;  it  is  in  part  decomposed  by  boiling  the  aqueous  solution, 
some  of  the  acetic  acid  escaping.  .  . 

MorjMne  Tartrates.— These  are  readily  soluble  salts,  and  it  is 
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important  to  note  that  the  morphine  might  escape  detection,  if 
the  expert  trusted  alone  to  the  usual  test  of  an  alkaloidal  salt 
o-ivincr  a  precipitate  when  the  solution  is  alkalised  by  the  hxed 
or  volatile  alkalies;  for  the  tartrates  of  morphine  do  not  give 
this  reaction,  nor  do  they  give  any  precipitate  with  calcic  chloride. 
By  adding  a  solution  of  potassium  acetate  m  spirit,  and  also 
alcohol  and  a  little  acetic  acid  to  the  concentrated  solution,  the 
tartrate  is  decomposed,  and  acid  tartrate  of  potassium  is  pre- 
cipitated in  the  insoluble  form ;  the  morphine  m  the  form  of 
acetate  remains  in  solution,  and  then  gives  the  usual  reactions. 

The  solubility  of  morphine  salts  in  water  and  alcohol  has  been 
recently  investigated  by  Mr.  J.  U.  Lloyd.  His  results  are  as 
follows : — 

Morphine  Acetate. 
11-70  parts  of  water  by  weight  at  15-0°  dissolve  1  part  of 
morphine  acetate. 
61-5  parts  of  water  by  weight  at  100°  dissolve  1  part  of 
morphine  acetate. 
€8-30  parts  of  alcohol  by  weight  (-820  specific  gravity)  at  15-0° 

dissolve  1  part  of  morphine  acetate. 
13-30  parts  of  alcohol  by  weight  (-820  specific  gravity)  at  100° 
dissolve  1  part  of  morphine  acetate. 

Moijohine  Hydrochlorate. 

23-40  parts  of  water  dissolve  at  15°  1  morphine  hydrochlorate. 
-51  part   of  water  dissolves  at  100°   1  morphine  hydro- 
chlorate. 

■62-70  parts  of  alcohol  (-820  specific  gravity)  dissolve  at  15°  1 

morphine  hydrochlorate. 
30-80  parts  of  alcohol  (.820  specific  gravity)  dissolve  at  100°  1 

morphine  hydrochlorate. 

Morphine  Sulphate. 

21-60  parts  of  water  at  15°  dissolve  1  morphine  sulphate. 

-75  part  of  water  at  100°  dissolves  1  morphine  sulphate. 
701-5  parts  of  alcohol  (-820)  at   150°  dissolve  1  morphine 
sulphate. 

144-00  parts  of  alcohol  (.820)  at  100°  dissolve  1  morphine 
sulphate. 

§  316.  Tests  for  Morphine  and  its  Compounds. — There  are  two 
■chief  tests  for  morphine,  or  morphine  salts.  If  both  these  reactions 
are  obtained,  there  can  be  no  reasonable  doubt  of  the  presence  of 
the  alkaloid.  Objections,  more  or  less  valid,  may  be  made  to  either 
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test  taken  alone,  but  together  they  are  conclusive.  These  are  a 
crystalline  compound,  with  iodine  dissolved  in  hydriodic  acid, 
and  what  is  known  as  the  "iodic  acid  test." 

•  (.l-)/'^oc7Mcfo-o»i  of  Morphine  Bydriodide.— The  precipitate  with 
iodised  hydnodic  acid  is  formed  in  extremely  dilute  solutions, 
and  It  to  a  neutral  solution  no  precipitate  occurs,  it  may  be 
conhdently  asserted  that  morphine  is  not  present.  Papaverine 
and  codeine  also  give  a  crystalline  precipitate  with  the  same 
reagent,  but  the  crystals  are  different  in  form.  Hydriodide  of 
morphine  is  dark-red  in  colour ;  the  crystals  are  either  free  or 
collect  in  little  radial  groups,  very  definite  in  form,  and  well 
suited  for  "ba/roptiG"  estimation  (see  p.  248).  Their  specific  gravity 
is  1-97,  every  136-3  of  morphine  hydriodide  equals  100  of 
morphine  crystallised  with  1  atom  of  water. 

(2.)  Iodic  Acid  Test.~The  substance  supposed  to  be  morphine 
IS  converted  into  a  soluble  salt  by  adding  to  acid  reaction  a  few 
drops  of  hydrochloric  acid,  and  then  evaporating  to  dryness. 

The  salt  thus  obtained  is  dissolved  in  as  little  water  as  possible  

this,  as  in  toxicological  researches  only  small  quantities  are 
recovered,  will  probably  be  but  a  few  drops.  A  little  of  the 
solution  is  now  mixed  with  a  very  small  quantity  of  starch-paste, 
and  evaporated  to  dryness  at  a  gentle  heat  in  a  porcelain  dish. 
After  cooling,  a  drop  of  a  solution  of  one  part  of  iodic  acid  in  15 
of  water  is  added  to  the  dry  residue ;  and  if  even  the  njy^  of 
a  grain  of  morphine  be  present,  a  blue  colour  will  be  developed. 

Another  way  of  working  the  iodic  acid  test  is  to  add  the  iodic 
acid  solution  to  the  liquid  in  which  morphine  is  supposed  to  be 
dissolved,  and  then  shake  the  liquid  up  with  a  few  drops  of 
carbon  disulphide.  If  morphine  be  present,  the  carbon  disulphide 
floats  to  the  top  distinctly  coloured  pink.  Other  substances, 
however,  also  set  free  iodine  from  iodic  acid,  and  it  has,  there- 
fore, been  proposed  to  distinguish  morphine  from  these  by  the 
after  addition  of  ammonia.  If  ammonia  is  added  to  the  solution, 
which  has  been  shaken  up  with  carbon  disulphide,  the  pink  or 
red  colour  of  the  carbon  disulphide  is  deepened,  if  morphine  was 
present;  on  the  contrary,  if  morphine  was  not  present,  it  is 
either  discharged  or  much  weakened. 

Other  Reactions. — There  are  some  very  interesting  reactions 
besides  the  two  characteristic  tests  just  mentioned.  If  a 
saturated  solution  of  chloride  of  zinc  be  added  to  a  little  solid 
morphine,  and  heated  over  the' water-bath  for  from  fifteen  minutes 
to  half-an-hour,  the  liquid  develops  a  beautiful  and  persistent 
green  colour.  This  would  be  an  excellent  test  for  morphine 
were  it  not  for  the  fact  that  the  colour  is  produced  with  only 
pure  morphine.    For  example,  I  was  unable  to  get  the  reaction 
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from  morphine  in  very  well-formed  crystals  precipitated  from 
ordinary  laudanum  by  ammonia,  the  least  trace  of  resinous  or 
colouring-matter  seriously  interfering.  By  the  action  of  nitric  acid 
on  morphine,  the  liquid  becomes  orange-red,  and  an  acid  product 
of  the  formula  OjoHgNOg  is  produced,  which,  when  heated  in  a 
closed  tube  with  water  at  100°,  yields-  trinitro-phenol  or  picric 
acid.  This  interesting  reaction  points  very  decidedly  to  the 
phenolic  character  of  morphine.  On  adding  a  drop  of  sulphuric 
acid  to  solid  morphine  in  the  cold,  the  morphine  solution 
becomes  of  a  faint  pink ;  on  gently  w;arming  and  continuing  the 
heat  until  the  acid  begins  to  volatilise,  the  colour  changes 
through  a  series  of  brownish  and  indefinite  hues  up  to  black. 
On  cooling  and  treating  the  black  spot  with  water,  a  green 
solution  is  obtained,  agreeing  in  hue  with  the  same  green 
produced  by  chloride  of  zinc.  Vidali*  has  recently  proposed 
the  following  test : — Morphine  is  dissolved  in  strong  sulphuric 
acid,  and  a  little  arsenate  of  sodium  is  added ;  on  gently  warming, 
a  passing  blue  colour  develops ;  on  raising  the  temperature  higher, 
the  liquid  changes  into  green,  then  into  blue,  and  finally  again 
into  green.  Codeine  acts  very  similarly.  The  following  test 
originated  with  Siebold  {American  Journal  of  Pharmacy,  1873, 
p.  544) : — The  supposed  morphine  is  heated  gently  with  a  few  drops 
of  concentrated  sulphuric  acid  and  a  little  pure  potassic  per- 
chlorate.  If  morphine  be  present  the  liquid  immediately  takes  a 
pronounced  brown  colour — a  reaction  said  to  be  peculiar  to 
morphine,  and  to  succeed  with  of  a  mgrm.  In  order  to 
obtain  absolutely  pure  perchlorate,  potassic  perchlorate  is  heated 
with  hydrochloric  acid  so  long  as  it  disengages  chlorine  ;  it  is 
then  washed  with  distilled  water,  dried,  and  preserved  for  use. 
There  is  also  a  test  known  as  "  Pellagri's ; "  it  depends  on  the 
production  of  apomorphine.  The  suspected  alkaloid  is  dissolved 
m  a  httle  strong  hydrochloric  acid,  and  then  a  drop  of  concen- 
trated sulphuric  acid  is  added,  and  the  mixture  heated  for  a  little 
time  from  100°  to  120°,  until  it  assumes  a  purple-black  colour. 
It  IS  now  cooled,  some  hydrochloric  acid  again  added,  and 
the  mixture  neutralised  with  sodic  carbonate.  If  morphine  be 
present,  on  the  addition  of  iodine  in  hydriodic  acid,  a  cherry-red 
colour  is  produced,  passing  into  green.  Morphine  and  codeine  are 
believed  alone  to  give  this  reaction. 

E._  Grimauxf  has  succeeded  in  transforming  morphine  into 
codeine.    When  1  molecule  of  morphine  is  dissolved  in  alcohol 

j3*P*7A'^^^'  ^^""maceut.,  Milano,  ISSl,  p.  197.     D.  E.  Dott  Year 

Boole  of  Pharmacy,  •  ^.  lear 

p.  829?""^*"  "^^-11*3  and  1228  ;  and  Jour.  Chem.  Sac,  1881, 
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containing  1  molecule. of  sodium  hydroxide,  and  2  vols,  of  methyl 
iodide  are  added,  and  the  mixture  gently  heated,  a  violent  reaction 
^nx^^T^/^^^  product  is  codeine  methiodide  (Oi^H^gNOo 

n  J     ^  ^'  ^^^^^        quantity  of  methyl  iodide  is 

added,  then  free  codeine  is  in  small  quantity  produced;  if  ethyl 
iodide  be  substituted  for  methyl,  a  new  base  is  formed  homolo- 
gous with  codeine — Grimaux  considering  morphine  analogous  to 
phenol— therefore  codeine  would  seem  to  be  the  methyl  ether 
of  morphine.  If  morphine  is  heated  with  iodide  of  methyl  and 
absolute  alcohol  in  a  closed  tube  for  half  an  hour  at  100°,  methyl 
iodide  of  morphine  is  obtained  in  colourless,  glittering,  quadratic 
crystals,  easily  soluble  in  water  (Oi^HigNOgMel  +  H,0);  similarly 
the  ethyl  iodide  compound  can  be  produced. 

If  morphine  is  heated  for  from  two  to  three  hours  in  a  closed 
tube  with  dilute  hydrochloric  acid,  water  is  eliminated — ■ 

and  the  liydrochlorate  of  apomorphine  is  produced. 

If  concentrated  sulphuric  acid  be  digested  on  morphine  for 
twelve  to  fifteen  hours  (or  heated  for  half  an  hour  at  100°),  on 
adding  to  the  cooled  violet-coloured  solution  either  a  crystal  of 
nitrate  of  potash  or  of  chlorate  of  potash,  or  a  drop  of  dilute 
nitric  acid,  a  beautiful  violet-blue  colour  is  produced,  which 
passes  gradually  into  a  dark  blood-red.  -^ho  ^  mgrm.  will 
respond  distinctly  to  this  test.  Frohde's  reagent  strikes  with 
morphine  a  beautiful  violet  colour,  passing  from  blue  into  dirty 
green,  and  finally  almost  vanishing.  of  a  mgrm.  will  respond 

to  the  test,  but  it  is  not  in  itself  conclusive,  since  papaverine  and 
certain  glucosides  give  an  identical  reaction. 

A  test  which  hitherto  has  been  much  relied  on,  is  the  blue 
colour  which  morphine  strikes  with  neutral  chloride  of  iron. 
The  best  way  to  prepare  the  solution  of  iron  is  to  sublime 
some  ferric  chloride,  and  dissolve  the  product,  or  (as  suggested 
by  Molir)  to  use  the  ferro-ammonium  alum. 

§  317.  SymjJtoms  of  Opium  and  Morphine  Poisoning. — The 
symptoms  of  opium  and  morphine  poisoning  are  so  much  alike, 
that  clinically  it  is  impossible  to  distinguish  them ;  therefore 
they  may  be  considered  together. 

■Action  on  Animals— Frogs. — The  action  of  morphine  or  opium 
on  frogs  is  peculiar  :  the  animal  at  first  springs  restlessly  about, 
and  then  falls  into  a  condition  extremely  analogous  to  that  seen 
in  strychnine  poisoning,  every  motion  or  external  irritation 
producing  a  tetanic  convulsion.    This  condition  is,  however, 
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sometimes  not  observed.  The  tetanic  stage  is  followed  by 
paralysis  of  reflex  movements  and  cessation  of  breathing,  the 
heart  continuing  to  beat. 

Dogs. — 0-2  to  0-5  grm.  of  morphine  meconate,  or  acetate,  in- 
jected directly  into  the  circulation  of  a  dog,  shows  its  efiects  almost 
immediately.  The  dog  becomes  uneasy,  and  moves  its  jaws  and 
tongue  as  if  some  peculiar  taste  were  experienced ;  it  may  bark 
or  utter  a  whine,  and  then  in  a  minute  or  two  falls  into  a  pro- 
found sleep,  which  is  often  so  deep  that  while  it  lasts — usually 
several  hours — an  operation  may  be  performed.  In  whatever 
attitude  the  limbs  are  placed,  they  remain.  The  respiration  is 
rapid  and  stertorous,  and  most  reflex  actions  are  extinguished. 
Towards  the  end  of  the  sleep,  any  sudden  noise  may  startle  the 
animal,  and  when  he  wakes  his  faculties  are  evidently  confused. 
A  partial  paralysis  of  the  hind  legs  has  often  been  noticed,  and 
then  the  dog,  with  his  tail  and  pelvis  low,  has  something  the 
attitude  of  the  hyena.  Hence  this  condition  (first,  I  believe, 
noticed  by  Bernard)  has  been  called  the  "  hyenoid  "  state.  If 
the  dose  is  larger  than  2  to  3  grms  (31  to  46  grains),  the  symptoms 
are  not  dissimilar,  save  that  they  terminate  in  death,  which  is 
generally  preceded  by  convulsions.* 

Cats  show  very  similar  symptoms.    Rabbits  only  sleep,  but 


*  MM.  Grasset  and  Amblarcl  have  studied  the  action  of  morphine  in 
causing  conwilsions  in  the  mammalia.  They  found  that  if  small  doses  of 
hydrochlorate  of  morphine  (from  1  to  15  centigrammes)  are  adminis- 
tered to  dogs,  the  brief  sleep  which  is  produced  may  be  accompanied  by 
partial  muscular  contractions  (in  one  paw  for  instance),  which  are  renewed 
at  variable  intervals.  Then  occur  true  convulsive  shocks  in  the  whole 
body,  or  in  the  hind  limbs.  After  an  interval  the  phenomena  recxvc  in 
more  intense  degree,  and  are  followed  by  true  convulsions.  Regularly,  ten 
or  sixteen  times  a  minute,  at  each  inspiration,  the  hind  limbs  present  a 
series  of  convulsive  movements,  which  may  become  general.  Sometimes 
they  are  excited  by  external  stimulation ;  but  they  are  usually  spontaneous. 
The  sleep  may  continue  profoimd  during  this  convulsive  period,  or  it  may 
become  distinctly  lighter.  These  convulsive  phenomena  may  continue,  with 
intervals,  for  an  hour.  Differences  are  observed  with  different  animals; 
hut  the  chief  characters  of  the  phenomena  are  as  described.  In  certain 
animals,  and  with  small  doses,  there  may  be  a  brief  convulsive  phase  at 
the  commencement  of  the  sleep,  but  it  is  much  less  constant  than  the  later 
period  of  spasm.  These  convulsions,  the  authors  believe,  have  not  pre- 
viously been  described,  except  as  a  consequence  of  very  large  doses, 
amounting  to  grammes.  The  period  of  cerebral  excitement  described  by 
€laude  Bernard  as  occurring  at  the  commencement  of  the  sleep  from 
morphine,  is  a  phenomenon  of  a  different  order.  The  conclusions  drawn 
from  the  experiments  are— (1-)  That  morphia  is  not  diametrically  opposed 
to  thebame,  as  is  often  stated,  since  it  has,  to  a  certain  degi-ee  the  con- 
vulsive properties  of  the  latter  alkaloid.  This  conclusion  is  of  interest  in 
connection  with  the  researches  of  Grimaux,  just  detailed  (p.  282).   (2  )  That 
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if  the  dose  is  large,  convulsions  generally  are  present  at  the 
close. 

Birds,  especially  pigeons,  are  able  to  eat  almost  incredible 
quantities  of  opium.  A  pigeon  is  said  *  to  have  consumed  801 
grains  of  opium,  mixed  with  its  food,  in  fourteen  days.  The  ex- 
planation of  this  is  that  the  poison  is  not  absorbed ;  for  subcu- 
taneous injections  of  salts  of  morphine  act  rapidly  on  all  birds 
hitherto  experimented  upon. 

§  318.  Physiological  Action. — From  experiments  on  animals, 
the  essential  action  of  morphine  on  the  nervous  and  arterial 
systems  has  in  some  measure  been  examined.  There  is  no  very 
considerable  action  on  the  heart.  The  beats  are  first  accelerated, 
then  diminished  in  frequency ;  but  very  large  doses  introduced 
directly  into  the  circulation  at  once  diminish  the  pulsations,  and 
no  acceleration  is  noticed.  The  slowing  may  go  on  to  heart- 
paralysis.  The  slowing  is  central  in  its  origin,  for  on  the  vagi 
being  cut,  morphine  always  quickens.  With  regard  to  the  peri- 
pheric ends  of  the  vagi,  small  doses  excite,  large  paralyse.  If  all 
the  nerves  going  to  the  heart  are  divided,  there  is  first  a  con- 
siderable acceleration,  and  then  a  slowing  and  weakening  of  the 
pulsations.  The  arterial  blood-pressure,  at  first  increased,  is 
afterwards  diminished.  This  increase  of  blood-pressure  is  noticed 
during  the  acceleration  of  the  pulse,  and  also  during  some  por- 
tion of  the  time  during  which  the  pulse  is  slowed.  Gescheidlen, 
in  his  researches  on  the  frog,  found  the  motor  nerves  at  first 
excited,  and  then  depressed.  When  the  doses  were  large,  there 
was  scarcely  any  excitement,  but  the  reverse  efiect,  in  the  neigh- 
bourhood of  the  place  of  application.  According  to  other  ob- 
servers, the  function  of  the  motor  nerves  may  be  annihilated.! 
According  to  Meihuizen,  reflex  action,  at  first  much  diminished, 
is  later,  after  several  hours,  normal,  and  later  still  again  in- 
creased. The  intestinal  movements  are  transitorily  increased. 
In  the  dog  there  has  been  noticed  a  greater  flow  of  saliva  than 
usual,  and  the  flow  of  bile  from  the  gall  bladder  is  diminished. 

the  excitomotor  action  of  opium  cannot  be  exchisively  attributed  to  the  con- 
vulsive alkaloids,  but  is,  in  fact,  due  to  those  which  are  soporific.  According 
to  the  ordinary  composition  of  opium,  5  centigrammes  of  morphine  represent 
about  a  milligramme  of  thebaine.  But  these  experiments  show  that  the 
quantity  of  morphine  has  a  much  more  powerful  convulsive  action  than  a 
milligramme  of  thebaine.  (3.)  There  is  not  the  supposed  antagonism 
researches  hitherto  undertaken  on  the  antagonism  between  morphine  and 
between  the  action  of  morphine  on  the  frog  and  on  the  maimnaha.  {4.)  Ihe 
other  agents  need  to  be  repeated,  and  a  separate  study  made  of  the 
substances  which  antagonise  the  convulsive  and  soporific  action. 

*  Hermann's  Lehrhuch  der  Exper.  Toxicologic,  p.  374. 

•f  Arch.  f.  d.  Ges.  Physiol.,  vii.,  p.  201. 
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The  pupils  in  animals  are  mostly  contracted,  but,  if  convulsions 
occur  towards  death,  they  are  dilated. 

§  319.  Action  on  Maoi. — There  are  at  least  three  forms  of  opium 
poisoning  : — (1.)  The  common  form,  as  seen  in  about  99  per  cent, 
of  cases ;  (2.)  A  very  sudden  form,  in  which  death  takes  place 
with  fearful  rapidity  (the  foudroijante  variety  of  the  French)  * ; 
and  (3.)  A  very  rare  entirely  abnormal  form,  in  which  there  is  no 
coma,  but  convulsions. 

In  the  common  form  there  are  three  stages,  viz. : — (1.)  excite- 
ment ;  (2.)  narcosis ;  (3.)  coma.  In  from  half-an-hour  to  an  hour  t 
the  first  symptoms  commence,  the  pulse  is  quickened,  the  pupils 
are  contracted,  the  face  flushes,  and  the  hands  and  feet  reddened, 
— in  other  words,  the  capillary  circulation  is  active.  This  stage 
has  some  analogy  to  the  action  of  alcohol ;  the  ideas  mostly  flow 
with  great  rapidity,  and  instead  of  a  feeling  of  sleepiness,  the  re- 
verse is  the  case.  It,  however,  insensibly,  and  more  or  less  rapidly, 
passes  into  the  next  stage  of  heaviness  and  stupor.  There  is  an 
irresistible  tendency  to  sleep ;  the  pulse  and  the  respiration  become 
slower;  the  conjunctivse  are  reddened;  the  face  and  head  often 
flushed.  In  some  cases  there  is  great  irritability  of  the  skin, 
and  an  eruption  of  nettle-rash.  If  the  poison  has  been  taken  by 
the  mouth,  vomiting  may  be  present.  The  bowels  are  usually — 
in  fact  almost  invariably — constipated.  There  is  also  some  loss 
of  power  over  the  bladder. 

In  the  next  stage,  the  narcosis  deepens  into  dangerous  coma ; 
the  patient  can  no  longer  be  roused  by  noises,  shaking,  or  ex- 
ternal stimuli ;  the  breathing  is  loud  and  stertorous ;  the  face 
often  pale  ;  the  body  covered  with  a  clammy  sweat.  The  pupils 
are  still  contracted,  l3ut  they  may  in  the  last  hours  of  life  dilate ; 
and  it  is  generally  agreed  that,  if  a  corpse  is  found  with  the 
pupils  dilated,  this  circumstance,  taken  in  itself,  does  not  contra- 
indicate  opium  or  morphine  poisoning.  Death  occasionally  ter- 
minates by  convulsion. 

The  sudden  form  is  that  in  which  the  individual  sinks  into  a 
deep  sleep  almost  immediately  —  that  is,  within  five  or  ten 
minutes — and  dies  in  a  few  hours.  In  these  rapid  cases  the 
pupils  are  said  to  be  constantly  dilated. 

Examples  of  the  convulsive  form  are  to  be  sought  among  opium- 
eaters,  or  persons  under  otherwise  abnormal  conditions. 

A  man,  forty  years  old,  who  had  taken  opiates  daily  since  his 

*  Tardieu  :  ttade  Med.  Ldgale  sur  V Empoisonnement. 

t  In  a  remarkable  case  related  by  Taylor,  a  lady  took  a  large  dose  (sup- 
posed to  be  14  oz.)  of  laudanum,  and  there  were  no  symptoms  for  four  and 
a  half  hours.    She  died  in  twenty -two  hours. 
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twenty-second  year  (his  dose  being  6  grms.  (92-4  grains)  of  solid 
opium),  when  out  hunting,  of  which  sport  he  Avas  passionately  fond, 
took  cold,  and,  as  a  remedy,  administered  to  himself  three  times  his 
accustomed  dose.  Very  shortly  there  was  contraction  of  the  left 
arm,  disturbance  of  vision,  pain  in  the  stomach,  faintness,  in- 
ability to  speak,  and  unconsciousness,  which  lasted  half-an-hour. 
Intermittent  convulsions  now  set  in,  and  pains  in  the  limbs. 
There  was  neither  somnolence  nor  delirium,  but  great  agitation ; 
repeated  vomiting  and  diarrhoea  followed.  After  five  hours 
these  symptoms  ceased ;  but  he  was  excessively  prostrate.* 
There  was  complete  recovery. 

One  may  hazard  a  surmise  that,  in  such  a  case,  tolerance  has 
been  established  for  morphine,  but  not  for  other  morphine  alka- 
loids in  the  same  degree,  and  that  the  marked  nervous  symptoms 
were  in  no  small  degree  the  effect  of  some  of  the  homologous 
alkaloids,  which,  in  such  an  enormous  dose,  would  be  taken  in 
sufficient  quantity  to  have  a  physiological  action. 

There  are  several  instances  of  a  relapsing  or  remittent  form  of 
poisoning — a  form  in  which  the  patient  more  or  less  completely 
recovers  consciousness,  and  then  sinks  back  into  a  fatal  slumber. 
One  of  the  best  known  is  the  case  of  the  Hon.  Mrs,  Anson 
(January,  1859),  who  swallowed  an  ounce  and  a  half  of  laudanum 
by  mistake.  After  remaining  in  a  comatose  condition  for  more 
than  nine  hours,  she  revived.  The  face  became  natural,  the  pulse 
steady.  She  was  able  to  recognise  her  daughter,  and  in  a  thick 
voice  to  give  an  account  of  the  mistake.  But  this  lasted  only 
ten  minutes,  when  she  again  became  comatose,  and  died  in  four- 
teen hours.t 

In  a  Swedish  case  quoted  by  Maschka,  J  a  girl,  nine  years  old,  in 
weak  health  and  suffering  from  slight  bronchitis,  had  been  given 
a  non-officinal  acetate  of  morphia  lozenge,  which  was  supposed  to 
contain  '5  mgrm.  {'075  grain)  of  morphine  acetate.  She  took  the 
lozenge  at  eight  in  the  evening ;  soon  slept,  woke  at  ten,  got 
out  of  bed,  laughed,  talked,  and  joked  with  the  nurse,  again 
got  into  bed,  and  very  quickly  fell  asleep.  At  four  a.m.  the  nurse 
came  and  found  her  breathing  with  a  rattling  sound,  and  the 
physician,  who  arrived  an  hour  later,  found  the  girl  in  a  state  of 
coma,  with  contrabted  pupils,  breathing  stertorously,  and  the 
pulse  scarcely  to  be  felt.    Despite  all  attempts  to  rouse  the 

*  Demontporcellet :  De  1' Usage  Quotidien  de  V Opium.    Paris,  1874. 
t  Tcaylor,  Op.  cit. 

Z  Maschka's  IJandbuch,  Band  ii.,  p.  438  ;  also  Svenska,  Lak-Scdlsk  Ford- 
Jiand,  Apr.  1,  p.  90 ;  Apr.  8,  p.  160, 173.  For  other  cases  see  Nasmytli,  £dm. 
Med.  Jour II.,  Dec.  1878  ;  Kirby,  Dub.  Med.  Press,  Dec,  24,  1845 ;  W.  BoyA 
Mvischet,  Aled.  Times  and  Oaz.,  March  20,  1858. 
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patient,  she  died  at  eight  in  the  morning;  twelve  hours  after 
taking  the  lozenge. 

The  post-7horte7ii  examination  showed  some  hypera3mia  of  the 
brain  and  serous  effusion  in  the  ventricles,  and  there  was  also 
tubercle  in  the  pleura.  Three  lozenges  similar  to  the  one  taken 
by  the  patient  were  chemically  investigated  by  Hamberg,  who 
found  that  the  amount  of  acetate  was  very  small,  and  that  the 
lozenges,  instead  of  morphine  acetate,  might  be  considered  as 
prepared  with  almost  pure  morphine ;  the  content  in  the  three  of 
morphine  being  respectively  35,  37,  and  42  mgrms.  (that  is,  from 
half  a  grain  to  three-fifths  of  a  grain).  There  was  a  difierence 
of  opinion  among  the  experts  as  to  whether  in  this  case  the 
child  died  from  morphine  poisoning  or  not — a  difference  solely 
to  be  attributed  to  the  waking  up  of  the  child  two  hours  after 
taking  the  poison.  Now,  considering  the  great  probability  that 
a  large  dose  for  a  weakly  child  of  that  age  had  been  taken,  and 
that  this  is  not  the  only  case  in  which  a  relapse  has  occurred, 
it  seems  just  to  infer  that  it  was  really  a  case  of  poisoning. 

As  unusual  symptoms  (or  rather  sequelaj)  may  be  noted 
in  a  few  cases,  hemiplegia,  which  soon  passes  oflf ;  a  weak- 
ness of  the  lower  extremities  may  also  be  left,  and  inability 
to  empty  the  bladder  thoroughly  j  but  usually  on  recovery  from 
a  large  dose  of  opium,  there  is  simply  heaviness  of  the  head,  a 
dry  tongue,  constipation,  and  loss  of  appetite.  All  these 
symptoms  in  healthy  people  vanish  in  a  day  or  two.  There  have 
also  been  noticed  slight  albuminuria,  eruptions  on  the  skin,  loss 
of  taste,  and  numbness  of  parts  of  the  body. 

Opium,  whether  taken  in  substance,  or  still  more  by  subcu- 
taneous injection,  in  some  individuals  constantly  causes  faintness. 
In_  my  own  case,  I  have  several  times  taken  a  single  grain  of 
opium  to  relieve  either  pain  or  a  catarrh ;  almost  invariably 
within  an  hour  afterwards  there  has  been  great  coldness  of  the 
hands  and  feet,  lividity  of  the  face,  a  feeling  of  deadly  faintness 
followed  by  vomiting ;  when  this  stage  (which  has  seldom  lasted 
more  than  ha  fan  hour)  had  passed,  the  usual  narcotic  efi-ects 
nave  been  produced. 

Some  years  ago  I  injected  one-sixth  of  a  grain  of  morphine 
hydrochlorate  subcutaneously  into  an  old  gentleman,  who  was 
suffering  from  acute  lumbago,  but  was  otherwise  healthy,  and 
had  no  heart  disease  which  could  be  detected;  the  malady  was 
instantly  relieved,  and  he  called  out,  "I  am  well ;  it  is  most  extra- 
ordinary. He  went  out  of  the  front  door,  and  walked  some  fifty 
yards,  and  then  was  observed  to  reel  about  like  a  drunken  man 
He  was  supported  back  and  laid  in  the  horizontal  posture  •  the 
face  was  livid,  the  pulse  could  scarcely  be  felt,  and  there  was 
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complete  loss  of  consciousness.  This  state  lasted  about  an  hour, 
and  without  a  doubt  the  man  nearly  died.  Medical  men  in 
practice,  who  have  been  in  the  habit  of  using  hypodermic 
injections  of  morphine,  have  had  experiences  very  similar  to  this 
and  othfer  cases,  and  although  I  know  of  no  actual  death,  yet  it 
is  evident  that  morphine,  when  injected  hypodermically  even  in 
a  moderate  dose,  may  kill  by  syncope,  and  within  a  few  minutes.* 
Absorption  by  hypodermic  administration  is  so  rapid  that  by  the 
time,  or  even  before,  the  needle  of  the  syringe  is  withdrawn,  a 
contraction  of  the  pupil  may  be  observed. 

Opium  or  morphine  is  poisonous  by  whatever  channel  it  gains 
access  to  the  system ;  the  intestinal  mucous  membrane  absorbs 
it  readily,  and  narcotic  effects  may  be  produced  by  external 
applications,  whether  a  wound  is  present  or  not.  A  case  of 
absorption  of  opium  by  a  wound  is  related  in  Chever's  "  Juris- 
prudence, "t  A  Burman  bo'yj  about  nine  or  ten  years  of  age, 
was  struck  on  the  forehead  by  a  brick-bat,  causing  a  gaping 
wound  about  an  inch  long ;  his  parents  stuffed  the  wound  with 
opium.  On  the  third  day  after  the  accident,  and  the  opium  still 
remaining  in  the  wound,  he  became  semi-comatose,  and  in  short 
had  all  the  symptoms  of  opium  narcosis  ;  with  treatment  he 
recovered.  The  unbroken  skin  also  readily  absorbs  the  drug. 
Tardieu  states  that  he  had  seen  30  grms.  of  laudanum,  applied 
on  a  poultice  to  the  abdomen,  produce  death.  Ohristison  has  also 
cited  a  case  in  which  a  soldier  suffered  from  erysipelas,  and  died 
in  a  narcotic  state,  apparently  produced  from  the  too  free 
application  of  laudanum  to  the  inflamed  part. 

To  these  cases  may  be  added  the  one  cited  by  Taylor,  in 
which  a  druggist  applied  30  grains  of  morphine  to  the  surface 
of  an  ulcerated  breast,  and  the  woman  died  with  all  the 
symptoms  of  narcotic  poisoning  ten  hours  after  the  application — 
an  event  scarcely  surprising.  It  is  a  curious  question  whether 
sufficient  of  the  poison  enters  into  the  secretions — e.g.,  the  milk — 
to  render  it  poisonous.  An  inquest  was  held  in  Manchester, 
Nov.,  1875,  on  the  body  of  a  male  child  two  days  old,  in  which 
it  seemed  probable  that  death  had  occurred  through  the  mother's 
milk.  She  was  a  confirmed  opium-eater,  taking  a  solid  ounce  per 
week. 

§  320.  Diagnosis  of  Opium  Poisoning. — The  diagnosis  is  at 
times  between  poisoning  by  opium  or  other  narcotic  substances, 

*  See  a  case  of  morphia  poisoning  by  hypodermic  injection,  and  recovery,  by 
Philip  E.  Hill,  M.R.C.S.,  Lancet,  Sept.  30,  1882.  In  this  instance  a  thu;d  of 
a  grain  introduced  subcutaneously  caused  most  dangerous  symptoms  m  a 
gardener,  aged  48. 

t  3rd.  Ed.,  p.  228. 
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at  others,  between  opium   and   disease.      Insensibility  from 
chloral,  from  alcohol,  from  belladonna  or  atropine,  and  from 
carbon  oxide  gas,  are  all  more  or  less  like  opium  poisoning. 
With  regard  to  chloral,  it  may  be  that  only  chemical  analysis 
and  surrounding  circumstances  can  clear  up  the  matter.  In 
alcohol  poisoning,  the  breath  commonly  smells  very  strongly  of 
alcohol,  and  there  is  no  diflficulty  in  separating  it  from  the 
contents  of  the  stomach,  &c.,  besides  which  the  stomach  is 
usually  red  and  inflamed.    Atropine  and  belladonna  invariably 
dilate  the  pupil,  and  although  just  before  death  opium  has  the 
same  effect,  yet  we  must  hold  that  mostly  opium  contracts,  and 
that  a  widely  dilated  pupil  during  life  would,  fer  se,  lead  us  to 
suspect  that  opium  had  not  been  used,  although,  as  before 
mentioned,  too  much  stress  must  not  be  laid  upon  the  state  of 
the  pupils.    In  carbon  oxide,  the  peculiar  rose-red  condition  of 
the  body  affords  a  striking  contrast  to  the  pallor  which,  for  the 
most  part,  accompanies  opium  poisoning.    In  the  rare  cases  in 
which  convulsions  are  a  prominent  symptom,  it  may  be  doubtful 
whether  opium  or  strychnine  has  been  taken,  but  the  convul- 
sions hitherto  noticed  in  opium  poisoning  seem  to  me  to  have 
been  rather  of  an  epileptiform  character,  and  very  different  from 
the  effects  of  strychnine.    No  rules  can  be  laid  down  for  cases 
which  do  not  run  a  normal  course ;  in  medicine  such  are  being 
constantly  met  with,  and  require  all  the  care  and  acumen  of  the 
trained  observer.     Oases  of  disease  render  a  diagnosis  often 
extremely  difficult,  and  the  more  so  in  those  instances  in  which 
a  dose  of  laudanum  or  other  opiate  has  been  administered.    In  a 
case  recently  under  my  own  observation,  a  woman,  suffering  from 
emphysema  and  bronchitis,  sent  to  a  chemist  for  a  sleeping 
draught,  which  she  took  directly  it  arrived.    A  short  time  after- 
wards she  fell  into  a  profound  slumber,  and  died  within  six 
hours.    The  draught  had  been  contained  in  an  ounce-and-a-half 
bottle ;  the  bottle  was  empty,  and  the  druggist  stated  in  evidence 
that  it  only  contained  20  minims  of  laudanum,  10  grains  of  potas- 
sic  bromide,  and  water.    On,  however,  diluting  the  single  drop 
remaining  in  the  bottle,  and  imitating  its  colour  with  several 
samples  of  laudanum  diluted  in  the  same  way,  I  came  to  the 
conclusion  that  the  quantity  of  laudanum  which  the  bottle 
originally  contained  was  far  in  excess  of  that  which  had  been 
stated,  and  that  it  was  over  1  drachm  and  under  2  drachms. 
The  body  was  pallid,  the  pupils  strongly  contracted,  the  vessels 
of  the  bram  membranes  were  filled  with  fluid  blood,  and  there 
was  about  an  ounce  of  serous  fluid  in  each  ventricle.    The  lun^^s 
were  excessively  emphysematous,  and  there  was  much  secretion 
m  the  bronchi;  the  liver  was  slightly  cirrhotic.    The  blood,  the 
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liver,  and  the  contents  of  the  stomach  were  exhaustively 
analysed  with  the  greatest  care,  but  no  trace  of  morphine, 
narcotine,  or  meconic  acid  could  be  separated,  although  the 
woman  did  not  live  more  than  six  hours  after  taking  the 
draught.  I  gave  the  opinion  that  it  was,  in  the  woman's  state, 
improper  to  prescribe  a  sedative  of  that  kind,  and  that  pro- 
bably death  had  been  accelerated,  if  not  directly  caused,  by 
opium. 

Deaths  by  apoplexy  will  only  simulate  opium-poisoning  during 
life ;  a  post-mortem  examination  will  at  once  reveal  the  true 
nature  of  the  malady.  In  epilepsy,  however,  it  is  different, 
and  more  than  once  an  epileptic  fit  has  occurred  and  been 
followed  by  coma — a  coma  which  certainly  cannot  be  distin- 
guished from  that  produced  by  a  narcotic  poison.  Death  in 
this  stage  may  follow,  and  on  examining  the  body  no  lesion 
may  be  found. 

§  321.  Opium-eating. — The  consumption  of  opium  is  a  very 
ancient  practice  among  Eastern  nations,  and  the  picture,  drawn 
by  novelist  and  traveller,  of  poor,  dried-up,  yellow  mortals 
addicted  to  this  vice,  with  their  faculties  torpid,  their  skin 
hanging  in  wrinkles  on  their  wasted  bodies,  the  conjunctivae 
tinged  with  bile,  the  bowels  so  inactive  that  there  is  scarcely  an 
excretion  in  the  course  of  a  week,  the  mental  faculties  verging 
on  idiocy  and  imbecility,  is  only  true  of  a  percentage  of  those 
who  are  addicted  to  the  habit.  Recent  researches,  and  the 
statements  of  those  who  have  had  the  greatest  opportunity  of 
observation,  show  that  it  is  possible  for  very  large  doses  of  opium 
to  be  taken  by  certain  people,  and  yet  a  high  degree  of  health, 
both  physical  and  mental,  enjoyed.  The  habitual  consumption 
of  opium  by  individuals  has  a  direct  medico-legal  bearing.  Thus 
in  India,  among  the  Rajpoots,  from  time  immemorial,  infused 
opium  has  been  the  drink  both  of  reconciliation  and  of  ordinary 
greeting,  and  it  is  no  evidence  of  death  by  poison  if  even 
a  considerable  quantity  of  opium  be  found  in  the  stomach 
after  death,  for  this  circumstance  taken  alone  would,  unless 
the  history  of  the  case  was  further  known,  be  considered 
insufficient  proof  So,  again,  in  all  climates,  and  among  all 
races,  it  is  entirely  unknown  what  quantity  of  an  opiate 
should  be  considered  a  poisonous  dose  for  an  opium-eater. 
Almost  incredible  quantities  have,  indeed,  been  consumed  by 
such  persons,  and  the  commonly-received  explanation,  that  the 
drug,  in  these  cases,  passes  out  unabsorbed,  can  scarcely  be 
correct,  for  Hermann  mentions  the  case  of  a  lady  of  Zurich  who 
daily  injected  subcutaneously  1  to  2  grms.  (18-4  grains)  of  a 
morphine  salt.     In  a  case  of  uterine  cancer,  recorded  by  Dr. 
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W.  0.  Cass,*  20  grains  of  morphine  in  the  twelve  hours 
■were  frequently  used  subcutaneously ;  during  thirteen  months 
the  hypodermic  syringe  was  used  1,360  times,  the  dose  each 
time  being  5  grains.  It  is  not  credible  that  an  alkaloid  intro- 
duced into  the  body  hypodermically  should  not  be  absorbed. 

Opium-smoking  is  another  form  in  which  the  drug  is  used,  but 
it  is  an  open  question  as  to  what  poisonous  alkaloids  are  in 
opium  smoke.  It  is  scarcely  probable  that  morphine  should  be 
a  constituent,  for  its  subliming  point  is  high,  and  it  will  rather 
be  deposited  in  the  cooler  portion  of  the  pipe.  In  any  case, 
opium-smoking  seems  to  injure  the  health  of  Asiatics  but  little. 
Mr.  Vice-Oonsul  King,  of  Kew-Kiang,  in  a  tour  through  Upper 
Yangtsoe  and  Stechnen,  was  thrown  much  into  the  company  of 
junk  sailors  and  others,  "  almost  every  adult  of  whom  smoked 
more  or  less."  He  says: — "Their  work  was  of  the  hardest 
and  rudest,  rising  at  four  and  working  with  hardly  any  inter- 
mission till  dark,  having  constantly  to  strip  and  plunge  into  the 
stream  in  all  seasons,  and  this  often  in  the  most  dangerous  parts. 
The  quantity  of  food  they  eat  was  simply  prodigious,  and  from 
this  and  their  work  it  seems  fairly  to  be  inferred  that  their 
constitution  was  robust.  The  two  most  addicted  to  the  habit 
were  the  pilot  and  the  ship's  cook.  On  the  incessant  watchful- 
ness and  steady  nerve  of  the  former  the  safety  of  the  junk  and 
all  on  board  depended,  while  the  second  worked  so  hard  from 
3  A.M.  to  10  P.M.,  and  often  longer,  and  seemed  so  independent 
of  sleep  or  rest,  that  to  catch  him  seated  or  idle  was  suflS.cient 
cause  for  good-humoured  banter.  This  latter  had  a  conserve  of 
opium  and  sugar  which  he  chewed  during  the  day,  as  he  was 
only  able  to  smoke  at  night." 

§  322.  Post-mortem  Appea/rances. — There  are  no  characteristic 
appearances  after  death  save  hyperaemia  of  the  brain  and  blood- 
vessels of  the  membranes,  with  generally  serous  effusion  into  the 
ventricles.  The  pupils  are  sometimes  contracted,  sometimes 
dilated,  the  dilatation  occurring,  as  before  mentioned,  in  the  act 
of  dying.  The  external  surface  of  the  body  is  either  livid  or 
pale.  The  lungs  are  commonly  hyperjsmic,  the  bladder  full  of 
urine ;  still,  in  not  a  few  cases,  there  is  nothing  abnormal,  and  in 
no  single  case  could  a  pathologist,  from  the  appearance  of  the 
organs  only,  declare  the  cause  of  death  with  confidence. 

§  323.  Separation  of  Morpliine  from  Animal  Tissues  and  Fluids.— 
Formerly  a  large  proportion  of  the  opium  and  morphine  cases 
submitted  to  chemical  experts  led  to  no  results;  but  owing  to  the 
improved  processes  now  adopted,  failure,  though  still  common,  is 

18*^^2'^''  ^''''''^  case,  Lancet,  March 
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less  frequent     The  constituents  of  opium  taken  into  the  blood 
undergo  partial^  destruction  in  the  animal  body,  but  a  portion 
may  be  found  m  the  secretions,  more  especially  in  the  urine 
and  lasces     Eirst  Bouchardat*  and  then  Lefortf  ascertained 
tiie  excretion  of  morphine  by  the  urine  after  medicinal  doses  : 
-Uragendorff  and  Hauzmann  showed  that  the  appearance  of 
morphine  m  the  urine  was  constant,  and  that  it  could  be  easily 
ascertained  and  separated  from  the  urine  of  men  and  animals ; 
and  Levinstein  t  has  also  shown  that  the  elimination  from  a  sino'le 
dose  may  extend  over  five  or  six  days.    The  method  used  by 
-Dragendorfi"  to  extract  morphine  from  either  urine  or  blood 
is  to  shake  the  liquid  (acidified  with  a  mineral  acid)  several 
times  with  amyl  alcohol,  which,  on  removal,  separates  urea  and 
any  bile  acids.    The  liquid  thus  purified  is  then  alkalised,  and 
shaken  up  with  amyl  alcohol,  and  this  amyl  alcohol  should 
contain  any  morphine  that  was  present.    On  evaporation  it  may 
be  pure  enough  to  admit  of  identification,  but  if  not,  it  may  be 
redissolved  and  purified  on  the  usual  principles.  Considerable 
variety  of  results  seem  to  be  obtained  by  difierent  experimenters. 
Landsberg§  injected  hypodermically  doses  of  -2  to  4  grm.  of 
morphine  hydrochlorate  into  dogs,  making  four  experiments  in  all, 
but  failed  to  detect  morphine  in  the  urine.    A  large  dose  with 
2-4  mgrms.  of  the  salt  gave  the  same  result.   On  the  other  hand, 
•8  grm.  of  morphine  hydrochlorate  injected  direct  into  the 
jugular  vein,  was  partly  excreted  by  the  kidneys,  for  90  cc.  of 
the  urine  yielded  a  small  quantity  of  morphine.    Voit,  again, 
examined  the  urine  and  faeces  of  a  man  who  had  taken  morphine 
for  years;  he  could  detect  none  in  the  urine,  but  separated 
morphine  from  the   fa;ces.||     Morphine  may  occasionally  be 
■  recognised  in  the  blood.   Dragendorff  T[  found  it  in  the  blood  of  a 
cat  twenty-five  minutes  after  a  subcutaneous  dose,  and  he  also 
separated  it  from  the  blood  of  a  man  who  died  of  morphine 
poisoning  in  six  hours.    Haidlen**  recognised  morphine  in  the 
blood  of  a  suicide  who  had  taken  opium  extract. 

On  the  other  hand,  in  a  case  recorded  at  p.  289,  where 
a  woman  died  in  six  hours  from  a  moderate  dose  probably  of 
laudanum,  although  the  quantity  of  blood  operated  upon  was 

*  Bull.  Gdn.  de  Thirap.,  Dec,  186]. 

+  Journ.  de  Chim.,  xi.,  93,  1861. 

t  Berl.  Klin.  Wochenschr.,  1876.,  27. 

§  Pfluger's  Archiv,  23,  433,  413-433.    Chem.  Soc.  Jour.,  May,  1882,  543. 
II  Arch.  Pharm.,  pp.  [3.],  vii.,  pp.  23-26. 

IT  Kauzmaun :  Beitrage  fur  den  Oerichtlicli-Ghemisclien  Nachweis  des 
Morphia  u.  Narcotins.  Dissert.,  Dorpat,  1868.  Dragendorfl' :  Pharm. 
Zeitschr.f.  Russland,  1868,  Hft.  4. 

**  Wurtshfj.  Correspondenzbl.,  xxxiv.,  16,  1863. 
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over  a,  pound  in  weight,  and  every  care  was  taken,  the  results 
were  entirely  negative.  In  poisoning  by  laudanum  there  may 
be  some  remaining  in  the  stomach,  and  also,  if  large  doses^  of 
morphine  have  been  taken  by  the  mouth ;  but  when  morphine 
has  been  administered  hypodermically,  and  in  all  cases  in  which 
several  hours  have  elapsed,  one  may  almost  say  that  the_  organ 
in  which  there  is  the  least  probability  of  finding  the  poison  is 
the  stomach.  It  may,  in  some  cases,  be  necessary  to  operate  on 
a  very  large  scale,  to  examine  the  faeces,  mince  up  the  whole 
liver,  the  kidney,  spleen,  and  lungs,  and  treat  them  with  acid 
alcohol.  The  urine  will  also  have  to  be  examined,  and  as  much 
blood  as  can  be  obtained.  In  cases  where  all  the  evidence  points 
to  a  minute  quantity  (under  a  grain)  of  morphine,  it  is  decidedly 
best  to  add  these  various  extracts  together,  to  distil  off  the 
alcohol  at  a  very  gentle  heat,  to  dry  the  residue  in  a  vacuum,  to 
dissolve  again  in  absolute  alcohol,  filter,  evaporate  again  to  dry- 
ness, dissolve  in  water,  and  then  use  Dragendorft''s  process — i.e., 
extract  finally  the  morphine  with  amylic  alcohol  from  the  solu- 
tion alkalised.  The  expert  will,  of  course,  not  in  such  a  case 
be  able  to  say  that  he  extracted  morphine  from  any  particular 
organ,  but  rather  from  the  whole  body.  But  does  this  in  a 
medico-legal  case  matter"? — I  think  not.  Morphine  is  not  a 
natural  constituent  of  the  body;  and  if  it  were  practicable  to 
mince  the  whole  corpse,  treat  it  with  solvents,  and,  as  a  result, 
obtain  a  small  quantity  of  morphine,  such  would  be  a  corims 
delicti  of  considerable  significance.  Selmi  has  pointed  out  that 
amylic  alcohol  extracts  from  putrefied  matters,  "  ptomaines " 
agreeing  with  morphine  in  setting  free  iodine  from  iodic  acid ; 
but  there  has  been  no  ptomaine  separated  hitherto  which  gives  a , 
precipitate  with  iodine  and  hydriodic  acid  of  the  definite  and 
identical  form  of  morphine  hydriodide,  and  which,  at  the  same 
time,  responds  to  the  iodic  test.  The  reaction  of  Poggiale  has 
been  also  proposed  as  an  aid  in  discriminating  the  ptomaines 
from  morphine.  It  is  possible  to  detect  morphine  a  long  time 
after  death.  Stas  found  the  alkaloid  thirteen  months  after 
burial. 

§  324  Narcotine  (OogH^gNO^)  crystallises  out  of  alcohol  or 
ether  in  colourless,  transparent,  glittering  needles,  or  groups  of 
needles,  belonging  to  the  orthorhombic  system. 

It  is  only  slightly  soluble  in  boiling,  and  almost  insoluble  in 
cold  water.  One  part  requires  100  parts  of  cold,  and  20  of  boil- 
ing 84  per  cent,  alcohol ;  126  parts  of  cold,  48  of  boiling  ether 
(specific  gravity  0-735);  2-69  parts  of  chloroform;  400  of  olive 
oil ;  60  of  acetic  ether ;  300  of  amyl  alcohol ;  and  22  parts  of 
benzene,  for  solution.    The  neutral  solution  of  narcotine  turns 
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the  plane  of  polarisation  to  the  left  [a>=  130-6  ;  the  acid  solu- 
tion  to  the  right. 

Narcotine  gives  no  crystalline  sublimate;  its  behaviour  in  the 
subliming  cell  is  described  at  p.  243. 

Behaviour  of  Narcotine  with  Reagents.— Es^rcotuiQ,  dissolved  in 
dilute  hydrochloric  acid,  and  then  treated  with  a  little  bromine, 
gives  a  yellow  precipitate,  which  on  boiling  is  dissolved  •  by 
gradually  adding  solution  of  bromine  and  boiling,  a  fine  rose 
colour  IS  produced,  but  readily  destroyed  by  excess  of  bromine. 
This  IS  perhaps  the  best  test  for  the  presence  of  narcotine.  Con- 
centrated sulphuric  acid  dissolves  narcotine ;  the  solution  in  the 
cold  is  at  first  colourless,  after  a  few  minutes  yellow,  and  in  the 
course  of  a  day  or  longer  the  tints  gradually  deepen.  If  the  solu- 
tion is  warmed,  it  first  becomes  orange-red,  then  at  the  margin 
violet-blue ;  and  if  heated  until  hydric  sulphate  begins  to  vola- 
tilise, the  colour  is  an  intense  red-violet.  If  the  heating  is  not 
carried  so  far,  but  the  solution  allowed  to  cool,  a  delicate  cherry- 
red  hue  slowly  develops.  If  the  sulphuric  acid  solution  contains 
1  :  2000  of  the  alkaloid,  this  test  is  very  evident ;  with  1  :  40,000, 
the  colour  is  only  a  faint  carmine  {A.  Husemann). 

A  solution  of  narcotine  in  pure  sulphuric  acid,  to  which  a  drop 
of  nitric  acid  has  been  added,  becomes  of  a  red  colour;  if  the  solu- 
tion is  warmed  to  150°,  hypochlorite  of  soda  develops  a  carmine- 
red;  and  chloride  of  iron  first  a  violet,  then  a  cherry-red.  The  pre- 
cipitants  of  narcotine  are — phosphomolybdic  acid,  picric  acid,  sul- 
phocyanide  of  potash,  potassio  cadmic  iodide,  mercuric  chloride, 
platinic  chloride,  auric  chloride,  and  several  other  reagents. 

From  the  brown  mass  left  after  heating  narcotine  above  200°, 
hydrochloric  acid  extracts  a  small  portion  of  a  base  but  little 
studied.  The  residue  consists  of  humopic  acid  {^ioSL^^O-y^,  which 
can  be  obtained  by  dissolving  in  caustic  potash,  precipitating 
with  HOI,  dissolving  the  precipitate  in  boiling  alcohol,  and  finally 
throwing  it  down  by  water. 

§  325.  Effects.  —  Narcotine  in  itself  has  toxic  action  only 
in  rather  large  doses;  from  1  to  2  grms.  have  been  given  to 
man,  and  slight  hypnotic  efiects  have  followed.  It  is  poisonous 
in  very  large  doses ;  an  ordinary  sized  cat  is  killed  by  3  grms. 
The  symptoms  are  mainly  convulsions. 

§  326.  Codeine  {O-^^^-^NO^  is  an  alkaloid  contained  in  opium 
in  small  quantity  only.  Mulder,  indeed,  quotes  '66  to  "75  per 
cent,  as  present  in  Smyrna  opium,  but  Merck  and  Schindler  give 
•25  per  cent.  Schindler  found,  in  Constantinople,  -5  per  cent. ; 
and  Merck,  in  Bengal,  -5  per  cent.  also.  Codeine  is  considered 
by  Grimaux  to  be  an  ether  of  morphine ;  he  has  proposed  for  it 
the  name  of  codomethylene. 
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Codeine  crystallises  out  of  dry  ether  in  small,  colourless, 
anhydrous  crystals;  but  crystallised  slowly  from  an  aqueous 
solut  on,  the  crystals  are  either  in  well-defined  octahedra  or  m 
prisms,  containing  one  atom  of  water,  and  melting  m  boiling 
water  to  an  oUy  fluid.  .  c 

It  requires  80  parts  of  cold,  17  of  boiling  water  10  parts  of 
benzole,  and  7  parts  of  amyl  alcohol  respectively,  for  solution. 
Alcohol,  benzene,  ether,  and  chloroform  freely  dissolve  it,  but  in 
petroleum  ether  it  is  almost  insoluble.  Further,  it  is  also  soluble 
in  aqueous  ammonia,  and  in  dilute  acids,  but  insoluble  m  excess 
of  caustic  potash  or  soda,  and  may  thus  be  thrown  out  of  an 
aqueous  solution.  A  solution  of  codeine  turns  the  plane  of 
polarisation  to  the  left,  [a\r  =  118-2°.  ^  i 

Concentrated  sulphuric  acid  dissolves  codeine  without  colour, 
but  after  eight  days  the  solution  becomes  blue ;  this  reaction  is 
quicker  if  the  acid  contains  a  trace  of  nitric  acid.  If  the  sul- 
phuric acid  solution  be  warmed  to  150°,  and  a  drop  of  nitric 
acid  be  added  after  cooling,  a  blood-red  colour  is  produced. 
Erohde's  reagent  produces  a  dirty  green  colour,  soon  becoming 
Prussian  blue,  and  terminating  after  twenty-four  hours  in  a 
pale  yellow. 

Cyanogen  gas,  led  into  an  alcoholic  solution  of  codeine,  gives 
first  a  yellow  and  then  a  brown  colour ;  lastly,  a  crystalline  precipi- 
tate falls.  On  warming  with  a  little  sulphuric  acid  and  ferric 
chloride,  a  blue  colour  is  produced.  This  blue  colour  is  appa- 
rently common  to  all  ethers  of  the  codeine  class. 

§  327.  Effects. — The  physiological  action  of  codeine  on  animals 
has  been  investigated  by  Claude  Bernard,  Magendie,  Orum 
Brown  and  Fraser,  Falck,  and  a  large  number  of  others.*  It 
has  also  been  administered  to  man,  and  has  taken  in  some  degree 
the  place  of  morphine.  ,  Claude  Bernard  showed  that,  when  given 
to  dogs  in  sufficient  quantity  to  produce  sleep,  the  sleep  was 
diff'erent  in  some  respects  to  that  of  morphine  sleep,  especially  in 
its  after-eff'ects.    Thus,  in  his  usual  graphic  way,  he  describes 
the  following  experiment: — "Two  young  dogs,  accustomed  to 
play  together,  and  both  a  little  beyond  the  average  size,  received 
in  the  cellular  tissue  of  the  axillse,  by  the  aid  of  a  subcutaneous 
syringe,  the  one  5  centigrammes  of  morphine  hydrochloride,  the 
other  5  centigrammes  of  codeine  hydrochloride.    At  the  end  of 
a  quarter  of  an  hour  both  dogs  showed  signs  of  narcosis.  They 
were  placed  on  their  backs  in  the  experimental  trough,  and  slept 
tranquilly  for  three  or  four  hours.    When  the  animals  woke, 


*  Ann.  Chem.  Phys.  [5],  27,  pp.  273-288;  also,  Jour.  Chem.  Soc,  No. 
ccxliv. ,  1883,  p.  358. 
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wTrf^  the  most  striking  contrast.    The  morphine  doc 
ran  with  a  hyena-hke  gait  {demarche  hyenoid),  the  eye  wild  re 

bifhir^^lff  -^"^^        ^^^^-^^  coiirade^^io  vainly 

not  nnHl^r^  1^"^^*^^^  sportively  on  his  back.    It  was 

and  usJal  hi  '^'^a'^'*  T^P^^"«  ^^g^i-'^d  his  spirits 
in  iood  hLX  T  •  i?.P^'      ^^^^  dogs  being 

ordfr  that  ^^V.''^'^'^  the  same  experiment,  but  in  an^inverse 
WUT^        I-  }  ^^^^       ''^'^^'^^  ^^ich  previously 

as  the  first  time ;  but  on  waking  the  attitudes  were  completely 
reversed,  just  as  the  administration  of  the  two  substances  had  been 
Ihe  dog  which  two  days  before,  after  having  been  codeinised 
woke  lively  and  gay  was  now  bewildered  and  half  paralysed  at 
the  end  of  his  morphine  sleep ;  whilst  the  other  was  wide  awake 
and  m  the  best  spirits." 

Subsequent  experimenters  found  what  Bernard  does  not  men- 
tion—viz.,  that  codeine  produced  epileptiform  convulsions.  Falck 

"^ttl  "''^T^^  T^x.  ''^'■^^''^  experiments  on  pigeons,  frogs,  and 
rabbits  io  all  these  m  high  enough  doses  it  was  fatal.  Falck 
puts  the  minimum  lethal  dose  for  a  rabbit  at  51-2  m^rms  per 
kilo.  Given  to  man,  it  produces  a  sleep  very  similar  to  that 
described  by  Claude  Bernard— that  is,  a  sleep  which  is  very 
natural  and  does  not  leave  any  after-efi-ect.  Therefore,  it  is 
declared  to  be  the  best  alkaloid  of  a  narcotic  nature  to  give  when 
lengthened  slumber  is  desired,  more  especially  since  it  does  not 
confine  the  boAvels,  nor  has  it  been  found  to  produce  any  erup- 
tion on  the  skin.  Before  it  has  a  full  narcotic  eflfect,  vomiting 
has  often  been  excited,  and  in  a  few  cases  purging.  The  maxi^ 
mum  dose  for  an  adult  is  about  -1  grm.  (1-5  grains) ;  three  times 
this  quantity,  -3  grms.  (4-5  grains),  would  probably  produce  un- 
pleasant, if  not  dangerous,  symptoms.* 

§  328.  Narceine  (OggHggNOg)  crystallises  out  of  water,  alcohol, 
or  diluted  acetic  acid,  in  long,  white,  four-sided,  rhombic  prisms, 
or  fine,  bushy,  united  needles.  It  has  a  somewhat  bitter  taste, 
and  is  without  odour. 

The  crystals  generally  contain  water  of  crystallisation.  One 
part  of  narceine  dissolves  in  375  parts  of  cold,  230  of  boiling 
water.  Very  concentrated  potash-lye  precipitates  narceine  from 
its  watery  solution  as  an  oil,  weaker  alkaline  liquids  dissolve  it.  • 
One  part  of  narceine  is  dissolved  in  945  parts  of  80  per  cent, 
alcohol.    It  is  easily  soluble  in  boiling  alcohol  and  in  hot  acetic 

*  For  further  details  as  to  the  action  of  codeine,  the  reader  is  referred  to 
L.  O.  Wach's  monograph,  Das  Codein  (1868),  which  contains  reference  to 
the  earlier  literature.  See  also  Harley,  "The  Old  Vegetable  Neurotics." 
London. 


§  329.] 


NAECEINE. 


297 


acid,  but  is  insoluble  in  ether.  Benzole  and  petroleum  ether 
extract  narceine  neither  from  acid  nor  alkaline  solutions  ;  chloro- 
form extracts  narceine  both  from  acid  and  from  alkaline  solutions, 
the  latter  in  small  proportion  only.  Narceine  turns  the  plane  of 
polarisation  to  the  left,  a[r]  =  66-7°.  Narceine  maybe  separated 
from  narcotine  by  the  addition  of  ammonia  to  the  acid  aqueous 
solution ;  narcotine  is  fully  precipitated  by  ammonia,  but  nar- 
ceine is  left  in  solution. 

It  melts  at  134°,  but  gives  no  crystalline  sublimate.  The 
melted  substance  is  at  first  colourless ;  but  on  raising  the  tem- 
perature, the  usual  transitions  of  colour  through  diiferent  shades 
of  brown  to  black  are  observed.  If  melted,  and  kept  a  few 
degrees  above  its  melting  point,  and  then  cooled  slowly,  the 
residue  is  straw-coloured,  divided  into  lobes,  most  of  which 
contain  feathery  crystals. 

At  high  temperatures  narceine  develops  a  herring-like  odour ; 
the  residue  becomes  darkish  blue  with  iron  chloride.  Concen- 
trated nitric  acid  dissolves  it  with  a  yellow  colour ;  on  heating, 
red  vapours  are  produced ;  the  fluid  contains  crystals  of  oxalic 
acid,  and  develops  with  potash  a  volatile  base.  Concentrated 
sulphuric  acid  colours  pure  narceine  brown ;  but  if  impure,  a 
blood-red  or  blue  colour  may  be  produced. 

Frohde's  reagent  colours  it  first  brown-green,  then  red,  passing 
into  blue.  Narceine  forms  precipitates  with  bichromate  of 
potash,  chloride  of  gold,  bichloride  of  platinum,  and  several 
other  reagents.  The  one  formed  by  the  addition  of  potassio  zinc 
iodide  is  in  hair-like  crystals,  which  after  twenty-four  hours 
become  blue. 

Weak  iodine  solution  colours  narceine  crystals  a  black-blue; 
they  dissolve  in  Avater  at  100°  without  colour,  but  on  cool- 
ing again  separate  with  a  violet  or  blue  colour.  A  drop  of 
"  Nessler "  solution,  added  to  solid  narceine,  at  once  strikes  a 
brown  colour ;  on  diluting  the  drop  with  a  little  water,  beautiful 
little  bundles  of  crystals  appear. 

§  329.  Effects. — The  physiological  action  of  narceine  has  been 
variously  interpreted  by  difi'erent  observers.  Claude  Bernard* 
thought  it  the  most  somniferous  of  the  opium  alkaloids.  He 
said  that  "the  narceinic  sleep  was  characterised  by  a  profound 
calm  and  absence  of  the  excitability  of  morphine,  the  animals 
narcotised  by  narceine  on  awaking  returning  to  their  natural 
state  without  enfeeblement  of  the  hind  limbs  or  other  sequels." 
It  has  been  amply  confirmed  that  narceine  possesses  somniferous 
properties,  but  certainly  not  to  the  extent  that  Bernard's  obser- 


*  Com.pt.  Rend.,  lix.  p.  406,  1864. 


298  POISONS :  their  effects  and  detection.       [§  330. 

vations  led  physiologists  to  expect.  In  large  doses  there  is 
some  irritation  of  the  stomach  and  intestines,  and  vomiting 
occurs,  and  even  diarrhoea ;  moderate  doses  induce  constipation. 
The  maximum  medicinal  dose  may  be  put  at  -14  grm.  (or  2-26 
grains),  and  a  probable  dangerous  dose  would  be  three  times  that 
quantity.* 

§  330.  Papaverine  crystallises  from  alcohol  in  white 

needles  or  scales.  It  possesses  scarcely  any  alkaline  reaction, 
and  has  but  little  effect  on  a  ray  of  polarised  light.  It  is 
almost  insoluble  in  water ;  alcohol  and  ether  dissolve  it  in  the 
cold  with  difficulty ;  boiling,  copiously,  but  the  alkaloid  partly 
separates  on  cooling.  One  part  of  the  alkaloid  is  dissolved  in 
36-6  of  benzene,  and  in  76  parts  of  amyl  alcohol.  Petroleum 
ether  dissolves  it  by  the  aid  of  heat,  but  the  alkaloid  separates  in 
crystals  on  cooling.  Chloroform  extracts  it  from  either  acid  or 
alkaline  solutions.  Papaverine  gives  no  crystalline  sublimate.  It 
melts  at  130° ;  the  residue  is  amorphous,  light  brown,  and  is  not 
characteristic.  Concentrated  suljihuric  acid  colours  it  a  deep 
violet-blue,  and  dissolves  it  to  a  violet,  slowly  fading.  This 
solution,  by  permanganate  of  potash,  is  first  green  and  then  gray. 
Frohde's  reagent  gives  a  beautiful  violet  colour,  which  becomes 
blue,  and  vanishes  after  twenty-four  hours.  Diluted  solutions 
of  salts  of  papaverine  are  not  precipitated  by  phosphomolybdic 
acid.  It  is  precipitated  by  ammonia,  by  the  caustic  and 
carbonated  alkalies,  by  potassic-cadmic  iodide,  iodine  in 
hydriodic  acid,  and  by  alkaloidal  reagents  generally — save  by 
the  important  exception  mentioned  above.  A  solution  in 
amyl  alcohol  is  also  precipitated  by  bromine;  the  precipitate 
is  crystalline.  An  alcoholic  solution  of  platinic  chloride  also 
separates  papaverine  platin  chloride  in  crystals.  An  alcoholic 
solution  of  iodine,  added  to  an  alcoholic  solution  of  papa- 
verine, separates  in  a  little  time  crystals  of  the  composition 
C  21 H  21  NO  4 1 3.  From  the  mother-liquor,  by  concentration, 
can  be  obtained  needles  of  another  iodine  combination, 
OaiH.ilsrO^Is ;  the  latter  heated  above  100°  parts  with  free 
iodine.  These  compounds  with  iodine  are  decomposed  by 
ammonia  and  potash,  papaverine  separating.  The  decomposi- 
tion may  be  watched  under  the  microscope.  Papaverine  may 
be  assumed  to  be  present  if  a  substance  is  separated,  which  gives 
(1.)  a  violet  colour  with  Frohde's  reagent;  (2.)  a  dense  white 
precipitate  with  cadmio-potassic  iodide ;  (3.)  no  precipitate  witli 

*  See  J.  Bouchardat,  La  Narc6me,  These,  Paris,  1865 ;  Harley,  "  The 
Old  Vegetable  Neurotics,"  Lond.  ;  Ch.  Line,  Etudes  sur  la  ^c^rc6'ne  ei 
.son  Emploi  Thdrapeuiique,  These,  Paris,  1865;  also,  Husemanns  I'lan- 
zensioffe,  in  which  these  and  other  researches  are  summarised. 


§  331,  322,  333.] 


THEBAINE. 


299 


phosphomolybdic  acid;  and  (4.)  a  precipitate  of  needles,  ifto  an 
alcoholic  solution  of  the  alkaloid  an  alcoholic  solution  of  iodine 
is  added. 

§  331.  Effects. — Claude  Bernard  ranked  papaverine  with  the 
convulsants ;  probably  the  papaverine  he  had  was  inapure.  In 
any  case,  subsequent  observations  have  shown  that  it  is  to  be 
classed  rather  with  the  hypnotic  principles  of  opium.  Leides- 
dorf  *  administered  it  to  the  insane,  and  noted  slowness  of  the 
pulse,  muscular  weakness,  and  drowsiness  to  follow.  The  doses 
were  given  subcutaneously  (42  grm.  of  the  hydrochloride). 
Baxt,t  experimenting  with  the  frog,  found  that  a  milligramme 
caused  deep  sleep  and  slowing  of  the  heart's  action.  This  action 
on  the  heart  is  witnessed  also  on  the  recently-removed  frog's 
heart.  Guinea  pigs,  and  other  small  animals  poisoned  by 
strychnine  or  thebaine,  and  then  given  papaverine,  did  not  seem 
to  be  so  soon  affected  with  tetanus  as  when  no  such  remedy  was 
administered.  The  fatal  dose  of  papaverine  for  a  man  is  un- 
known. I  should  conjecture  that  the  least  quantity  that  would 
cause  dangerous  symptoms  would  be  1  grm.  (15-4  grains). 

§  332.  Thebaine  (OjgHgj^NOg). — Opium  seldom  contains  much 
more  than  1  per  cent,  of  this  alkaloid.  It  usually  forms  needles 
or  short  crystals.  It  is  strongly  alkaline,  and  by  rubbing 
becomes  negatively  electric.  It  is  almost  insoluble  in  water, 
aqueous  ammonia,  and  solutions  of  the  alkalies.  It  requires  10 
parts  of  cold  alcohol  for  solution,  and  dissolves  readily  in  hot. 
Ether,  hot  or  cold,  is  also  a  good  solvent.  100  parts  of  benzene 
are  required  for  5-27  parts  of  thebaine,  and  100  of  amyl  alcohol 
for  1-67  parts.  Chloroform  dissolves  thebaine  with  difficulty  out 
of  both  acid  and  alkaline  solutions ;  petroleum  ether  extracts  it 
from  neither.  Thebaine  sublimes  at  135°.  The  sublimate  is  in 
minute  crystals,  similar  to  theine;  at  higher  temperatures  (160° 
to  200°)  needles,  cubes,  and  prisms  are  obtained.  The  residue  is 
fawn  coloured.  Frohde's  reagent  (as  well  as  concentrated  sul- 
phuric acid)  dissolves  it,  with  the  production  of  a  blood-red 
colour,  passing  gradually  into  yellow.  The  precipitate  with 
picric  acid  is  yellow  and  amorphous ;  with  tannic  acid,  yellow ; 
with  gold  chloride,  red-yellow;  and  with  platinic  chloride, 
citron-yellow,  gradually  becoming  crystalline.  A  concentrated 
alcoholic  solution  of  thebaine,  just  neutralised  with  HOI, 
deposits  well-formed  rhombic  crystals  of  the  composition 
CigHjiNOgHCl  -f-  H2O. 

§  333.  Effects. — There  is  no  disagreement  of  opinion  as  to  the 

*  Ztsclir.  d.  Wien.  Aerzte,  pp.  13,  115,  1868. 
+  ArcJi.  Anat.  Phys.,  p.  70,  1869. 
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action  of  thebaine.  By  the  united  testimony  of  all  avIio  have 
experimented  with  it,  the  alkaloid  belongs  to  those  poisons 
which  produce  tetanus,  and  the  symptoms  can  scarcely  be 
diflferentiated  from  strychnia.  In  Baxt's  experiments  on 
trogs  he  showed  that  there  was  some  considerable  difference  in 
details  m  the  general  course  of  the  symptoms,  according  to  the 
dose  of  the  poison.  A  small  dose  (such,  for  example,  as  -75 
mgrm.)  injected  into  a  frog  subcutaneously  produces  immediate 
excitement,  the  animal  jumping  about,  and  this  stage  lasting  for 
about  a  minute;  it  then  becomes  quieter,  and  has  from  thre°e  to 
SIX  minutes'  sleep;  in  a  little  time  this  comatose  state  is  followed 
by  reflex  tetanic  spasms  and  then  spontaneous  tetanic  spasms. 
With  three  times  the  dose,  the  tetanic  convulsions  commence 
early,  and  death  takes  place  in  from  two  to  six  hours.  Baxt  * 
found  6  to  7  mgrms.  kill  rabbits  with  tetanic  convulsions  in 
from  fifteen  to  twenty-five  minutes.  Orum  Brown  and  Fraser 
also  found  that  12  mgrms.  injected  into  rabbits  were  fatal ;  it 
may  then  be  presumed  that  the  lethal  dose  for  a  rabbit  is  about 
5  mgrms.  per  kilo.  A  frog's  heart  under  the  action  of  thebaine, 
and  removed  from  the  body,  beats  quicker  and  ceases  earlier 
than  one  in  distilled  water.  Thebaine  has  been  administered  to 
the  insane  subcutaneously  in  doses  of  from  12  to  40  mgrms., 
when  a  rise  of  temperature  and  an  increase  in  the  respiratory 
movements  and  in  the  circulation  were  noticed,  t 

The  fatal  dose  for  a  man  is  not  known;  -5  grms.,  or  about 
8  grains,  would  probably  be  a  poisonous  quantity. 

§^334.  CryjHopitie  (C23H25NO5)  was  discovered  by  T.  &  H.  Smith  in 
1867.  t  It  is  only  contained  in  very  minute  traces  in  opium — something 
like  -003  per  cent.  It  is  a  crystalline  substance,  the  crystals  being  colour- 
less, six-sided  prisms,  without  odour,  but  with  a  bitter  taste,  causing  an 
after-sensation  like  peppermint.  The  crystals  melt  at  203-3°,  and  congeal 
in  a  crystalline  form  again  at  171°  ;  at  high  temperatures  they  are  decom- 
posed with  evolution  of  ammoniacal  vapour.  C'ryptopine  is  insoluble,  or 
almost  so,  in  ether,  water,  oil  of  turpentine,  and  benzene  ;  chloroform  is  the 
best  solvent,  or  hot  alcohol ;  it  is  insoluble  in  aqueous  ammonia  and  in 
solutions  of  the  caustic  alkaloids.  Cryptopine  is  strongly  basic,  neutralising 
fully  mineral  acids.  Concentrated  sulphuric  acid  colours  cryptopine  pure 
blue,  the  tint  gradually  fading  from  absorption  of  water  from  the  atmos- 
phere. On  a  crystal  of  potassic  nitrate  being  added,  the  colour  changes 
into  a  permanent  green.  With  ferric  chloride  cryptopine  gives  no  colom* 
— thus  distinguishing  it  from  morphine.  The  physiological  properties  of 
cryptopine  have  been  investigated  by  Dr.  Harley;§  it  has  a  narcotic  action, 
about  double  as  strong  as  narceine,  and  four  times  weaker  than  morphine. 

*  Sitzungsher.  d.  Wien.  Ahadem.,  Ivi.  pp.  2,  89,  1867.  Arch.  f.  Anat.  11. 
Physiol,  Hft.  1,  p.  112,  1869. 

t  F..W.  Miiller,  Das  Thebaine.  eine  Monographic.    Diss.,  Marburg,  1868. 
+  Pharm.  Jour.  Trans.  (2),  viii.,  pp.  495  and  716. 
§  "The  Old  Vegetable  Neurotics." 
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Munk  and  Sippell*  found  that  it  gave  rise  in  animals  to  paralytic 
paralysis  of  the  limbs,  and  occasionally  asi^hyxic  convulsions  before  death. 

§  335.  RlKeadine  (CoiHqiNOg). — Ehceadine  was  separated  from  Papaivr 
rJums  by  Hesse,  and  has  also  been  found  in  Papaver  itomniferum  and  in 
opium.  Ehceadine  is  in  the  form  of  small  anhydrous  tasteless  prisms, 
melting  at  230"  aud  partly  subliming.  In  a  vacuum  sublimation  is  almost 
complete,  and  at  a  much  lower  temj)erature.  It  is  a  very  insoluble 
substance,  and  is  scarcely  dissolved,  when  crystalline,  by  water,  alcohol, 
ether,  chloroform,  benzene,  and  solutions  of  the  fixed  or  volatile  alkalies. 
TVhen  in  an  amorphous  state  it  is  rather  soluble  in  ether,  and  may  be 
dissolved  out  of  any  substance  by  treating  with  dilute  acetic  acid,  and 
neutralising  by  ammonia,  and  shaking  up  with  ether  before  the  precipitate 
becomes  crystalline.  Ehceadine  is  easily  recognised  by  the  intense  blue-red 
coloiu-  produced  by  dissolving  a  little  of  the  substance  in  dilute  sulphuric 
or  hydrochloric  acid.  Either  spontaneously  or  on  gentle  warming,  the 
colom-  is  produced— one  part  of  rhceadine  will  colour  in  this  way  10,000 
parts  of  acid  water  blue  or  purple-red,  200,000  rose-red,  and  800,000  pale 
red.  The  reaction  depends  on  a  splitting  up  of  the  rhreadine  into  a  colour- 
less substance,  rhceadin,  and  a  red  colouring-matter.  Ehceadine  is  not 
poisonous. 

§  336.  PsemlomorpJiine  (CuHjoNOi).— Pseudomorphine  was  discovered 
by  PeUetier  and  Thiboumery  in  1835.  As  precipitated  by  anmionia  out  of 
the  hot  solution,  pseudomorphine  falls  as  a  white  crystalUne  precipitate  : 
but  it  the  solution  is  cold,  the  precipitate  is  gelatinous.  It  possesses  no 
taste  and  has  no  action  on  vegetable  colours.  On  heating,  it  decomposes 
and  then  melts.  It  dissolves  easily  in  caustic  alkalies  and  in  milk  of  lime 
but  IS  insoluble  m  all  the  ordinary  alcoholic  and  ethereal  solvents,  as  well 

fr  "Jt  ■i^n'^unJ^P^'^A^^  7^^  is  tlie  hydrochlorate 

tl.i7±li3JNU4MLl-(-H20),  and  that  requires  70  parts  of  water  at  20°  for 
solutiom  Various  salts,  such  as  the  sulphate,  oxalate,  &c.,  may  be  pre- 
pared from  the  hydrochlorate  by  double  decomposition.  Concentrated 
sulphiu'ic  acid  dissolves  pseudomorphine  gradually,  with  the  production  of 
an  olive-green  colour. 

§  337.    Opianine  (CfiGHrsN^Osi).— Opianine  crystallises  in  colourless 
gittenng,  ortho-rhombic  needles.    Ammonia  precipitates  it  from  its  solution 

L  bSr  tsTe°  n^''  '  Y  P^^-^r-    "  °dour,  ancl  has 

snbiblp^.  t  -i-  '^^-^S  is  sol'il^le  in  cold,  but  sliahtly 

soluble  m  boilmg  water.    It  is  also  but  little  soluble  in  boiling  alcohof 

met"uSthtride''^.ft  °'       alkaloid  gives  a  voluminous  prii^ate  with 

SeTnSerr^^^^^^^^ 

Opiamne,  admmistered  to  cats  in  doses  of  -145. grm.  produces  comnlpv 

«<!  fewexperimeot,  have  bee.  m«ie  w"tU  i?"^  '^'"''""^  "  ™">- 


302 


POISONS:    THEIR  EFFECTS  AND  DETECTION.  [§  339-341. 


To  extract  apomorphine,  the  bases  are  precipitated  by  sodic  bicarbonate, 
and  the  precipitate  extracted  by  ether  or  chloroform,  either  of  which 
solvents  leaves  morphine  undissolved.  The  apomorphine  is  again  converted 
into  hydrochloride,  and  once  more  precipitated  by  sodic  bicarbonate,  and  is 
lastly  obtained  as  a  snow-white  substance  rapidly  becoming  gi-een  on  ex- 
posure to  the  air.  The  mass  dissolves  with  a  beautiful  green  colour  in 
water,  and  also  in  alcohol,  whilst  it  colours  ether  purple-red,  and  chloroform 
violet. 

Apomorphine  is  the  purest  and  most  active  emetic  known ;  whether 
injected  beneath  the  skin  or  taken  by  the  mouth,  the  effect  is  the  same — 
there  is  considerable  depression,  faintness,  and  then  vomiting.  The  dose  for 
an  adult  is  about  6  mgrms.  ('092  grain)  subcutaneously  administered. 

§  339.  The  reactions  of  some  of  the  rarer  alkaloids  of  opium  with 
sulphuric  acid  and  ferric  chloride  are  as  follows  :  none  of  them  have  at 
present  any  toxicological  importance  : — 


TABLE  XI.— SOME  REACTIONS  OF  THE  RARER  ALKALOIDS 

OF  OPIUM. 


Alkaloid. 

Formula. 

Eeantion 
with  Warm 
Sulphuric  Acid. 

Reaction 
with 
Ferric  Chloride. 

Codamine, 
Landamine, 

C20H25NO4  ) 
C20H25NO4  ^ 

Dirty    red  -  violet 
colour,  turning 
dark-violet  on  the 
addition  of  HNO3 

1  Dark  green. 

Landanosine, 
Protapine, 

C21H27NO4  ) 
CsoHigNOs  i 

Dirty    green  to 
brownish-green. 

1  Xo  colour. 

Lanthopine, 

C23H25N04 

Dark    brown  or 
black. 

No  colom-. 

Hydrocotarnine, 

C12H15N03  1 

Dirty    red-violet ; 
not  changed  by 
trace  of  HNO3. 

1  No  colom*. 

§  340.  Meconin  [Opianyl)  (CioHio04)  is  in  the  form  of  white  glittering 
needles,  which  melt  under  water  at  77°,  and  in  air  at  90°,  again  coagidatiug 
at  75°.  It  may  be  sublimed  in  beautiful  crystals.  It  is  soluble  in  22  parts 
of  boiling,  and  700  of  cold,  water ;  dissolves  easily  in  alcohol,  ether,  acetic 
acid,  and  ethereal  oil,  and  is  not  precipitated  by  acetate  of  lead.  Its 
solution  in  concentrated  sulphuric  acid  becomes,  on  warming,  purple,  and 
gives,  on  the  addition  of  water,  a  brown  precipitate.  Meconin  may  be 
prepared  by  treating  narcotine  with  nitric  acid.  Meconin,  in  large  doses, 
is  a  feeble  narcotic,  and  1-25  grm.  (20  grains)  has  been  given  to  man  with- 
out result.  ,  .  .  , 

§  341.  Meconic  Acid  (C7H4O7)  crystallises  in  white  shinmg  scales  or 
small  rhombic  prisms,  with  three  atoms  of  water  (C7H4O7  +  3H2O),  but  at 


§  341.] 
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100°  this  is  lost,  and  it  becomes  an  opaque  white  mass.  It  i-eddens  litmus, 
and  has  a  sourish  taste.  It  is  soluble  in  115  parts  of  cold,  but  dissolves  in 
four  parts  of  boiling,  water  ;  it  dissolves  easily  in  alcohol,  less  so  in  ether. 
It  forms  well-marked  salts ;  the  barium  and  calcium  salt  crystallise  with 
one  atom  of  water,  the  former  having  the  composition  BaH4  (071107)2  ; 
the  latter,  if  ammonium  meconate  is  precipitated  by  calcium  chloride, 
CaH4(C7H07)2  ;  but  if  calcium  chloride  is  added  to  the  acid  itself,  the  salt 
has  the  composition  C7H2Ca07 +  H2O.  If  meconic  acid  is  gently  heated,  it 
decomposes  into  carbon  dioxide  and  comenic  acid  (C6H4O5).  If  the  heat  is 
stronger,  pyromeconic  acid  (CSH4O3) — carbon  dioxide,  water,  acetic  acid, 
and  benzole  are  formed.  Pyi-omeconic  acid  is  readily  sublimed  in  large 
transparent  tables.  Chloride  of  iron,  and  soluble  iron  salts  generally,  give 
with  meconic  acid  (even  ia  great  dilution)  a  lively  red  colour,  which  is  not 
altered  by  heat,  nor  by  the  addition  of  HCl,  nor  by  that  of  gold  chloride. 
Sugar  of  lead  and  nitrate  of  silver  each  give  a  white  precipitate  ;  and 
mercurous  and  mercuric  nitrates  white  and  yellow  precipitates.  In  any  case 
where  the  analyst  has  foimd  only  meconic  acid,  the  question  may  be  raised 
in  court  as  to  whether  it  is  a  poison  or  not.  The  early  experiments  of 
Serturner,*  Langer,  Vogel,  Sommering,  and  Grape  f  showed  that,  in 
comparatively  speaking  large  doses  it  had  but  little,  if  any,  action  on  dogs 
or  men.  AlbersJ  has,  however,  experimented  on  frogs,  and  found  that  in 
doses  of  -1  to  -2  gi-m.  there  is,  first,  a  narcotic  action,  and  later,  conAnil- 
sions  and  death.  According  to  SchrofF,  §  there  is  a  slight  narcotic  action 
on  man. 

The  most  generally  accepted  view  at  the  present  time  is  that 
the  physiological  action  of  meconic  acid  is  similar  to  that  of 
lactic  acid — viz.,  large  doses  cause  some  depression  and  feeble 
narcosis. 

In  a  special  research  amongst  organic  fluids  for  meconic  acid, 
the  substances  are  extracted  by  alcohol  feebly  acidulated  with 
nitric  acid ;  on  filtration  the  alcohol,  after  the  addition  of  a  little 
water,  is  distilled  ofi",  and  to  the  remaining  fluid  a  solution  of 
acetate  of  lead  is  added,  and  the  whole  filtered.  The  filtrate 
will  contain  any  alkaloids,  whilst  meconic  acid,  if  present,  is 
bound  up  with  the  lead  on  the  filter.  The  meconate  of  lead  may 
be  either  washed  or  digested  in  strong  acetic  acid,  to  purify  it, 
suspended  in  water,  and  freed  from  lead  by  SHg ;  the  filtrate 
from  the  lead  sulphide  may  be  tested  by  ferric  chloride,  or  pre- 
ferably, at  once  evaporated  to  dryness,  and  weighed.  After  this 
operation  it  is  identified.  If  the  quantity  is  so  small  that  it 
cannot  be  conveniently  weighed,  it  may  be  estimated  colorimetri- 
cally,  by  having  a  standard  solution  of  meconic  acid,  containino- 
1  mgrm.  m  every  cc.  A  few  drops  of  neutral  ferric  chloride  are 
added  m  a  l^essler  cylinder  to  the  liquid  under  examination  • 
and  the  tint  thus  obtained  is  imitated  in  the  usual  way,  in 

*  Ann.  Phys.,  xxv.  56;  xxvij.,  183. 
f  Be  opio  et  de  illis  quibus  constat  partibus/  Berol  1822 
I  Arch.  Path.  Anat.,  xxvj.,  248.  '' 
Med.  Jahresb.,  1869. 
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another  cylinder,  by  means  of  ferric  chloride,  the  standard  solu- 
tion and  water.  It  is  also  obvious  that  the  weight  of  the  meconic 
acid  may  be  increased  by  converting  it  into  the  barium  salt— 
100  parts  of  anhydrous  baric  meconate,  BaH,  (O^HO.).,,  being 
equivalent  to  74-5  of  meconic  acid  (C^H^O.). 


IV.— THE  STRYCHNINE  OR  TETANUS-PRODUCING 
GROUP  OF  ALKALOIDS. 

1.  NUX  VOMICA  GROUP— STRyCHNINE—BRUCINE— 

IGASURINE. 

§  342.  Nux  vomica  is  found  in  commerce  both  in  the  entire 
state  and  as  a  powder.  It  is  the  seed  of  the  Strychnos  nux 
vomica,  or  Kooclila  tree.  The  seed  is  about  the  size  of  a  shilling, 
round,  flattened,  concavo-convex,  of  a  yellowish-grey  or  light- 
brown  colour,  covered  with  a  velvety  down  of  fine,  radiating,  silky 
hairs,  which  are  coloured  by  a  solution  of  iodine  beautiful  gold- 
yellow  ;  the  texture  is  tough,  leathery,  and  not  easily  pulverised ; 
the  taste  is  intensely  bitter.  The  powder  is  not  unlike  that  of 
liquorice,  and,  if  met  with  in  the  pure  state,  gives  a  dark  orange- 
red  colour  with  nitric  acid,  which  is  destroyed  by  chloride  of 
tin ;  the  aqueous  infusion  gives  a  precipitate  with  tincture  of 
galls,  is  reddened  by  nitric  acid,  and  gives  an  olive-green  tint 
with  persulphate  of  iron.  The  best  method,  however,  of  recog- 
nising quickly  and  with  certainty  that  the  substance  under 
examination  is  nux  vomica  powder,  is  to  extract  strychnine  from 
it  by  the  following  simple  process : — The  powder  is  completly 
exhausted  by  boiling  alcohol  (90  per  cent.),*  the  alcoholic 
extract  evaporated  to  dryness,  and  then  treated  with  water ;  the 
aqueous  solution  is  passed  through  a  wet  filter,  and  concentrated 
by  evaporation  to  a  small  bulk.  To  this  liquid  a  drop  or  so  of 
a  concentrated  solution  of  chromate  of  potash  is  added,  and  the 
yellow  precipitate  of  chromate  of  strychnine  thus  obtained  is 
separated,  and  identified  both  by  its  forms  and  by  the  colour 
reactions  to  be  described. 

§  343.  Chemical  Composition. — Nux  vomica  contains  at  least 
four  distinct  principles — 

*  To  this  group  also  belong  some  of  the  opium  alkaloids.— See  "  Thebaine," 
"  Landamine,"  "Codeine,"  " Hydi-ocotarnine." 
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(1.)  Strychnine. 
(2.)  Brucine. 
(3.)  Igasurine. 

(4.)  Stry clinic  or  igasuric  acid. 

§  344.  Strychnine  {0^^.,^f>o)  is  contained  in  the  bean  of  S. 
Ignatius,  in  the  bark  {false  angustura  hark)  and  seeds  of  the 
Strychnos  nux  vomica,  in  the  Strychnos  coluhrina,  L.,  in  the 
Strychnos  tiente,  Lesch,  and  probably  in  various  other  plants 
of  the  same  genus. 

Commercial  strychnine  is  met  vith  either  in  colourless  crystals 
or  as  a  white  powder,  the  most  usual  form  being  that  of  the 
alkaloid  itself;  but  the  nitrate,  sulphate,  and  acetate  are  also 
sold  to  a  small  extent. 

The  microscopical  apjjearance  of  strychnine,  as  thrown  down 
by  the  solution  or  vapour  of  ammonia,  may  be  referred  to  three 
leading  forms — the  long  rectangular  prism,  the  short  hexagonal 
prism,  or  the  regular  octahedron.  If  obtained  from  the  slow 
evaporation  of  an  alcoholic  solution,  it  is  usually  in  the  form  of 
four-sided  pyramids  or  long  prisms  ;  but  if  obtained  by  speedy 
evaporation  or  rapid  cooling,  it  appears  as  a  white  granular 
powder.  If  obtained  from  a  benzene  solution,  the  deposit  is 
usually  crystalline,  but  without  a  constant  form,  though  at 
times  the  crystals  are  extremely  distinct,  the  short  six-sided 
prism  prevailing ;  but  triangular  plates,  dodecahedral,  rhomboidal, 
and  pentagonal,  may  also  be  met  with.  An  ethereal  solution  on 
evaporation  assumes  dendritic  forms,  but  may  contain  octahedra 
and  four-sided  prisms.  A  chloroform  solution  deposits  rosettes, 
veined  leaves,  stellate  dotted  needles,  circles  with  broken  radii, 
and  branched  and  reticulated  forms  of  great  delicacy  and  beauty 
{Guy). 

Strychnine  is  very  insoluble  in  water,  although  readily  dis- 
solved by  acidulated  water.  According  to  Wormley's  repeated 
experiments,  one  part  of  strychnine  dissolves  in  8,333  parts  of 
cold  water ;  and,  according  to  Pelletier  and  Oahor,  it  dissolves 
in  6,667  parts  of  cold,  and  2,500  parts  of  boiling,  water.  It  may 
be  convenient,  then,  to  remember  that  a  gallon  of  cold  water 
would  hardly  dissolve  more  than  10  grains  (-142  grm.  per  litre) ; 
the  same  amount,  if  boiling,  about  30  grains  (  426  grm.  per  litre) 
of  strychnine.  The  solubility  of  one  part  of  strychnine  in  other 
menstrua  is  as  follows: — Cold  alcohol,  0-833  specific  gravity, 
120,  boiling,  10  parts  {Witlstein) ;  cold  alcohol,  0-936  specific 
gravity,  240  parts  {Merck) ;  cold  alcohol,  0-815  specific  gravity, 
107  parts  {Dragendorf) ;  amyl  alcohol,  181  parts;  benzene,  164; 
chloroform,  6-9  {Schlimpert),  5  {Pettenkofer).  Creosote  and  essen- 
tial and  fixed  oils  also  dissolve  strychnine. 

20 
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Of  all  the  above  solvents,  it  is  evident  that  chloroform  is  the 
best  tor  purposes  of  separation,  and  next  to  chloroform,  benzene 

II  a  speck  of  strychnine  be  placed  in  the  subliming  cell,  it  \yi]i 
be  found  to  sublime  usually  in  a  crystalline  form  at  169°  A 
common  form  at  this  temperature,  according  to  the  writer's  own 
observations,  is  minute  needles,  disposed  in  lines ;  but,  as  Dr 
bruy  has  remarked,  the  sublimate  may  consist  of  drops,  of  wavino- 
patterns,  and  various  other  forms ;  and,  further,  while  the  sub- 
limates of  morphia  are  made  up  of  curved  lines,  those  of  strych- 
nine consist  of  lines  either  straight  or  slightly  curved,  with 
parallel  feathery  lines  at  right  angles.  On  continuing  the  heat, 
strychnine  melts  at  about  221°,  and  the  lower  disc,  if  removed 
and  examined,  is  found  to  have  a  resinous  residue ;  but  it  still 
continues  to  yield  sublimates  until  reduced  to  a  spot  of  carbon. 

Strychnine  is  so  powerfully  bitter,  that  one  part  dissolved  in 
70,000  of  water  is  distinctly  perceptible  j  it  is  a  strong  base,  with 
a  marked  alkaline  reaction,  neutralising  the  strongest  acids  fully, 
and  precipitating  many  metallic  oxides  from  their  combinations' 
often  with  the  formation  of  double  salts.  Most  of  the  salts  of 
strychnine  are  crystalline,  and  all  extremely  bitter.  Strychnine, 
in  the  presence  of  oxygen,  combines  with  SHg  to  form  a  beautiful 
crystalline  compound  : — 

2C2iH2,N202  +  6H,S  +  03  =  (2C21H22N2O2  +  3H0S2)  +  3H2O. 

On  treatment  Avith  an  acid  this  compound  yields  HgS,  (Schmidt  • 
Ber.  Deutsch.  Chem.  Ges.,  8,  1267). 

An  alcoholic  solution  of  strychnine  turns  the  plane  of  polarisa- 
tion to  the  left,  [a]r=  -  132-08°  to  136-78°  {Bouchardat)  ■  but 
acid  solutions  show  a  much  smaller  rotatory  power. 

The  salts  used  in  medicine  are — the  sulphate,  officinal  only  in 
the  French  pharmacopoeia ;  the  nitrate,  officinal  in  the  German, 
Austrian,  Swiss,  Norse,  and  Dutch  pharmacopoeias ;  and  the 
acetate,  well  known  in  commerce,  but  not  officinal. 

The  commercial  Sulphate  (OgiHggNgOqHgSO^  +  2H.,0)  is  an 
acid  salt  crystallising  in  needles  which  lose  water  at  150°,  the 
neutral  sulphate  {^G^^^^^O^,  HgSO^  +  7H2O)  crystallises  in  four- 
sided,  orthorhombic  prisms,  and  is  soluble  in  about  50  parts  of 
cold  water. 

The  Nitrate  (02^1122^202,  HNOg)  crystallises  on  evaporation 
from  a  warm  solution  of  the  alkaloid  in  dilute  nitric  acid,  in  silkj^ 
needles,  mostly  collected  in  groups.  The  solubility  of  this  salt 
is  considerable,  one  part  dissolving  in  50  of  cold,  in  2  of  boiling, 
water ;  its  solubility  in  boiling  and  cold  alcohol  is  almost  the 
same,  taking  60  of  the  former  and  2  of  the  latter. 
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The  Acetate  crystallises  in  tufts  of  needles  ;  as  stated,  it  is  not 
officinal  in  any  of  the  European  pharmacopojias. 

The  chief  precipitates  or  sparingly-soluble  crystalline  com- 
pounds of  strychnine  are — 

(1.)  The  Chromate  of  Slrychnine  (OaiHo^NgOgCrHO,),  formed 
by  adding  a  neutral  solution  of  chromate  of  potash  to  a  solution 
of  a  strychnine  salt,  crystallises  out  of  hot  water  in  beautiful, 
very  insoluble,  orange-yellow  needles,  mixed  with  plates  of 
various  size  and  thickness.  The  salt  is  of  great  practical  use  to 
the  analyst ;  for  by  its  aid  strychnine  may  be  separated  from  a 
variety  of  substances,  including  brucine — the  colour  tests  being 
either  applied  direct  to  the  strychnine  chromate,  or  the  chromate 
decomposed  by  ammonia,  and  the  strychnine  recovered  from  the 
alkaline  liquid  by  chloroform. 

(2.)  Sidphocyanide  of  Strychnine  (CgiHg^NoOoCNHS)  is  a  thick, 
white  precipitate,  produced  by  the  addition  of  a  solution  of 
potassic  sulphocyanide  to  that  of  a  strychnine  salt ;  on  warming 
it  dissolves,  but  on  cooling  reappears  in  the  form  of  long  silky 
needles. 

(3.)  Double  Salts. — The  platinum  compound  obtained  by 
adding  a  solution  of  platinic  chloride  to  one  of  strychnine 
chloride  has  the  composition  C2iH22N202HClPtCl2,  and  crystal- 
lises out  of  weak  boiling  alcohol  (in  which  it  is  somewhat 
soluble)  in  gold-like  scales.  The  similar  palladium  compound 
(CgjHgoNgOgHOl,  PdCl)  is  in  dark  brown  needles,  and  the  gold 
compound  (0,^H„2N2O2HClAu01g)  in  orange-coloured  needles. 

(4.)  Strychnine  Trichloride. — The  action  of  chlorine  on  strych- 
nine— by  which  chlorine  is  substituted  for  a  portion  of  the  hydro- 
gen— has  been  proposed  as  a  test.  The  alkaloid  is  dissolved  in 
very  dilute  HOI,  so  as  to  be  only  just  acid  ;  on  now  passing 
through  chlorine  gas,  a  white  insoluble  precipitate  is  formed, 
which  may  be  recrystallised  from  ether;  it  has  probably  the  com- 
position Cg^Hj^ClgNgOg,  and  is  extremely  insoluble  in  water. 

(.5.)  The  Iodide  of  Strychnine  (C21H22N2O2HI3)  is  obtained  by 
the  aciion  of  iodine  solution  on  strychnine  sulphate ;  on  solution 
of  the  precipitate  in  alcohol,  and  evaporation,  it  forms  violet- 
coloured  crystals,  very  similar  to  those  of  potassic  permanganate. 

§  345.  Pharmaceutical  and  other  Preparations  of  Nux  Vomica 
and  Strychnine,  with  Suggestions  for  their  Valuation. 

An  aqueous  extract  of  nux  vo'niica,  officinal  in  the  German 
pharmacopoeia,  appears  to  contain  principally  brucine,  with  a 
small  percentage  of  strychnine;  the  proportion  of  brucine  to 
strychnine  being  about  four-fifths  to  one-iifth.  BlossHeld  found 
in  a  sample  4-3  per  cent,  of  total  alkaloid,  and  two  samples 
examined  by  Grundmann  consisted  (No.  1)  of  strychnine,  0-6 


POISONS  :   THEIR  EFFECTS  AND  DETECTION.  [§  345, 


per  cent.,  brucine  2-58  per  cent.,  total,  3-18  per  cent.  :  (No  2) 
strychnnie,  0-68  per  cent.,  brucine  2-62  per  cent.— total,  3-3  per- 
cent. A  sample  examined  by  Dragendorff  yielded,  strychnine 
U-b  per  cent.,  brucine  3-2  per  cent.— total,  4  per  cent.  The 
maximum  medicinal  dose  is  put  at  -6  grm.  (9^^  grains). 

The  spirituous  extract  of  nux  vomica,  officinal  in  the  British 
and  all  the  Continental  pharmacopeias,  differs  from  the  aqueous 
m  containing  a  much  larger  proportion  of  alkaloids,  the  total 
percentage  varying  from  7  to  8-6  per  cent.,  and  about  half  the 
total  quantity  being  strychnine.  The  maximum  medicinal  dose 
is  put  at  -15  grm.  (2-3  grains). 

There  is  also  an  extract  of  St.  Ignatius  hean  which  is  used  in 
the  IJnited  States,  and  is  more  active  than  the  extract  of  nux 
vomica,  since  nearly  the  whole  of  its  alkaloid  may  be  referred  to 
strychnine. 

The  tincture  of  nux  vomica  varies  somewhat  in  strength. 
Lieth  found  in  one  sample  0-122  per  cent,  of  strychnine  and 
0-09  per  cent,  brucine ;  and  two  samples  examined  by  Wissel 
consisted  respectively  of  0-353  per  cent,  and  0-346  per  cent,  of 
total  alkaloids.  Dragendorff  found  in  two  samples  -2624  per 
cent,  and  -244  per  cent,  of  total  alkaloids,  about  half  of  which 
was  strychnine. 

Analysis. — Either  of  the  extracts  may  be  treated  for  a  few 
hours  on  the  water-bath,  with  water  acidulated  by  sulphuric 
acid,  filtered,  the  residue  well  washed,  the  acid  liquid  shaken 
up  with  benzene  to  separate  impurities,  and,  on  removal  of  the 
benzene,  alkalised  with  ammonia,  and  shaken  ujd  two  or  three 
times  with  chloroform ;  the  chloroform  is  then  evaporated  in  a 
tared  vessel,  and  the  total  alkaloids  weighed.  Strychnine,  as 
before  stated,  may  be  separated  from  brucine  by  dissolving  the 
latter  out  with  absolute  alcohol.  The  tincture  is  analysed  on 
precisely  similar  principles,  the  spirit  being  got  rid  of  by  distilla- 
tion, and  the  residue  treated  by  acidified  water,  (fee. 

The  nux  vomica  powder  itself  may  be  valued  as  follows : — 
15  to  20  grms.,  pulverised  as  finely  as  possible,  are  treated  three 
times  with  150  to  300  cc.  of  water,  acidified  with  sulphuric  acid, 
well  boiled,  and,  after  each  boiling,  filtered  and  thoroughly  pressed. 
The  last  exhaustion  must  be  destitute  of  all  bitter  taste.  The 
united  filtrates  are  then  evaporated  to  the  consistence  of  a  thick 
syrup,  which  is  treated  with  sufficient  burnt  magnesia  to  neu- 
tralise the  acid.  The  extract  is  now  thoroughly  exhausted  with 
boiling  alcohol  of  90  per  cent. ;  the  alcoholic  extract,  in  its  turn, 
is  evaporated  nearly  to  dryness,  and  treated  with  acidulated 
water  ;  this  acid  solution  is  freed  from  impurities  by  shaking  up 
with  benzene,  and  lastly  alkalised  with  ammonia,  and  the  alka- 
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loids  extracted  by  shaking  up  with  successive  portions  of  chloro- 
form. The  chloroformic  extract  equals  the  total  alkaloids,  which 
may  be  separated  in  the  usual  way.       .     ,  ,  j  «• 

In  four  samples  of  nux  vomica  examined  by  Dragendorff,  the 
total  alkaloids  ranged  from  2-33  to  242  per  cent.  Grate  found 
in  two  samples  2-88  percent,  and  2-86  per  cent,  respectively; 
whUe  Karing  from  one  sample  separated  only  1  -65  per  cent,  ihe 
strychnine  and  brucine  are  in  about  equal  proportions,  Dragen- 
dorff* finding  1-187  per  cent,  strychnine  and  1-145  per  cent. 

brucine.  t  ,  , 

The  vermin-killers  in  use  in  this  country  are— Millers  rat- 
powder.  Battle's  vermin-killer,  and  Butler's  vermin-kHler. 

Miller's  rat-powder  consists  of  1  oz.  of  nux  vomica,  and  1  lb. 
of  oatmeal— i.e.,  about  5-3  per  cent,  of  nux  vomica.  Since  the 
average  amount  in  nux  vomica,  strychnine,  and  brucine  is  1-28 
per  cent,  of  each,  the  probability  is  that  this  powder  contains 
•068  per  cent,  of  strychnine  and  the  same  quantity  of  brucine. 

Battle's  vermin-killer  (according  to  an  analysis  by  Tardieu) 
contains  the  following  in  each  packet : — 


Strychnine,  0-lU 

Potato  Starch,  I'OO 

Prussian  Blue,  0-20 

1  -30  grms. 

In  other  words,  each  packet  weighs  19  grains  (or  nearly  a 
scruple),  and  contains  IJ  grains  of  strychnine,  or  about  7-7  per 
cent. 

Butler's  vermin-killer  is  a  mixture  of  flour,  soot,  and  strych- 
nine, but  sometimes  Prussian  blue  is  substituted  for  soot.  It  is 
sold  in  threepenny  and  sixpenny  packets.  The  latter  Taylor 
found  to  weigh  a  drachm  (3-8  grms.),  and  to  contain  from  2  to  3 
grains  (-13  to  -19  grms.)  of  strychnine ;  the  threepenny  packet 
about  half  this  quantity. 


*  Dragendorff,  Die  Chemische  Wertlibestimmung  eiiiiger  StarlcwirJcendm 
Dror/uen.    St.  Petersburg,  1874. 

+  These  details  are  very  necessary,  as  bearing  on  the  question  of  the  fatal 
dose  of  nux  vomica,  which  Taylor  tells  us  (Med.  JurispnuL,  i.  409)  was  of 
some  importance  in  Reg.  v.  Wren,  in  which  47  grains  were  attempted  to  be 
given  in  milk.  The  fatal  dose  of  nux  vomica  must  be  ruled  by  its  alkaloidal 
content,  which  may  be  so  low  as  1  per  cent. ,  and  as  high  as  nearly  3  per  cent. 
30  grains  have  proved  fatal  (Taylor) ;  if  the  powder  in  this  instance  was 
of  the  ordinary  strength,  the  person  died  from  less  than  a  grain  (-0648  grm.) 
of  the  united  alkaloids. 
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The  amount  of  strychnine  and  brucine  in  Miller's  rat-powder 
IS  valued  exactly  as  in  the  case  of  nux  vomica  powder.  ^ 

-Battles  or  Butler's  vermin-powder  merely  requires  exhaustion 
by  benzene  or  chloroform ;  if  not  pure,  purification  is  easy  on 
weli-known  principles. 

nnf5fi\?ffffr-^'^^''Sland,  during  the  five  years  1875-80, 
out  ot  1,581  total  deaths  from  poison,  strychnine  and  nux  vomica 
account  tor  i  9.  To  these  deaths  an  uncertain  number,  returned 
under  the  term  "  vermin-killer,"  must  be  added  ;  from  this  cause 
were  registered  122.  "  Vermin-killer"  may  be  presumed  to  include 
not  only  strychnine  mixtures,  but  also  phosphorus  and  arsenic 
pastes  and  powders,  so  that  there  are  no  means  of  ascertaining^ 
the  number  of  strychnine  cases  comprised  under  this  headin  ° 
lakmg  the  deaths  actually  registered  as  due  to  strychnine  or 
nux  vomica,  they  are  about  5  per  cent,  of  the  deaths  from  all 
sorts  of  poison.  Of  these  79  deaths,  67,  or  less  than  83-5  per 
cent.,  were  suicidal,  3  were  homicidal,  and  10  only  were 
accidental.  The  sexes  were  nearly  equally  divided,  40  bein^^ 
males,  and  39  females ;  with  regard  to  age,  4  were  under  fifteeS 
years  of  age,  39  between  fifteen  and  thirty-five,  the  remainder 
from  above  thirty-five  up  to  sixty-five. 

Schauenstein  has  collected  from  literature  130  cases  of  poison- 
ing by  strychnine,  but  most  of  these  occurred  during  the  last 
twenty-five  years  ;  62  of  the  130,  or  about  one-half,  were  fatal, 
and  15  were  homicidal.  It  has  been  stated  that  strychnine  is  so 
very  unsuitable  for  the  purpose  of  criminal  poisoning  as  to 
render  it  unlikely  to  be  often  used.  Facts,  however,  do  not  bear 
out  this  view  ;  for,  allowing  its  intensely  bitter  taste,  yet  it  must 
be  remembered  that  bitter  liquids,  such  as  bitter  ale,  are  in  daily 
use,  and  a  person  accustomed  to  drink  any  liquid  rapidly  might 
readily  imbibe  sufficient  of  a  toxic  liquid  to  produce  death  before 
he  was  warned  by  its  bitterness.  It  is,  indeed,  capable  of 
demonstration,  that  taste  is  more  vivid  after  a  substance  has 
been  taken  than  just  in  the  act  of  swallowing,  for  the  function 
of  taste  is  not  a  rapid  process,  and  requires  a  very  appreciable 
interval  of  time. 

§  347.  Fatal  Dose. — -In  a  research,  which  may  for  its  pains- 
taking accuracy  be  called  classical,  F.  A.  Falck  has  thrown 
much  light  upon  the  minimum  lethal  dose  of  strychnine  for 
various  animals.  It  would  seem  that,  in  relation  to  its  size, 
the  frog  is  by  no  means  so  sensible  to  strychnine  as  was  believed, 
and  that  animals  such  as  cats  and  rabbits  take  a  smaller  dose 

■  in  proportion  to  their  body-weight.  The  method  used  by  Falck 
was  to  inject  subcutaneously  a  solution  of  known  strength  of 

strychnine  nitrate,  and,  beginning  at  first  with  a  known  lethal 
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dose,  a  second  experiment  was  then  made  with  a  smaller  dose 
and  if  that  proved  fatal,  with  a  still  smaller,  and  so  on,  until 
such  a  quantity  was  arrived  at,  that  the  chances  as  determined 
by  direct  observation  were  as  great  of  recovery  as  of  death. 
Operating  in  this  way,  and  making  no  less  than  20  experiments 
on  the  rabbit,  he  found  that  the  least  fatal  dose  for  that  animal 
was  -6  mgrm.  of  strychnine  nitrate  per  kilogramme.    Gats  were 
a  little  less  susceptible,  taking  -75  mgrm.    Operating  on  fowls, 
he  found  that  strychnine  taken  into  the  crop  m  the  usual  way 
was  very  uncertain  ;  50  mgrms.  per  kilo,  taken  with  the  tood 
had  no  effect,  but  results  always  followed  if  the  poison  was 
introduced  into  the  circulation  by  the  subcutaneous  needle— the 
lethal  dose  for  fowls  being  under  those  circumstances  1  to  2  mgrms. 
per  kilo.    He  made  35  experiments  on  frogs,  and  found  that  to 
kill  a  froo-  by  strychnine  nitrate,  at  least  2  mgrms.  per  kilo,  must 
be  injected.    Mice  take  a  little  more,  from  2-3  to  24  mgrms.  per 
kilo.    In  two  experiments  on  the  ring  adder,  in  one  62-5  mgrms. 
per  kilo,  of  strychnine  nitrate,  injected  subcutaneously,  caused 
death  in  seven  hours ;  in  the  second,  23-1  mgrms.  per  kilo, 
caused  death  in  five  days ;  hence  the  last  quantity  is  probably 
about  the  least  fatal  dose  for  this  particular  snake. 

These  observations  may  be  conveniently  thrown  into  the  fol- 
lowing Table  (see  next  page),  placing  the  animals  in  order  accord- 
ing to  their  relative  sensitiveness.* 

Now,  the  important  question  arises,  as  to  the  place  in  this 
series  occupied  by  man — a  question  difficult  to  solve,  because  so 
few  cases  are  recorded  in  which  strychnine  has  been  administered 
by  subcutaneous  injection  with  fatal  result.  Eulenberg  has 
observed  poisonous  symptoms,  but  not  death,  produced  by  6 
mgrms.  (Jj-  grain)  and  by  10  mgrms.  (about  i  grain).  Bois  ob- 
served poisonous  symptoms  from  the  similar  subcutaneous  ad- 
ministration of  8  mgrms.  to  a  child  six  years  old,  and  4  mgrms. 
to  another  child  four  years  old — the  latter  dose,  in  a  case  re- 
corded by  Ohristison,  actually  killing  a  child  of  three  years  of 
age.  On  the  other  hand,  the  smallest  lethal  dose  taken  by  an 
adult  was  swallowed  in  solution.  Dr.  "Warner  took  32  mgrms. 
(|-  grain)  of  strychnine  sulphate,  mistaking  it  for  morphine  sul- 
phate, and  died  in  twenty  minutes.  In  other  cases  48  mgrms. 
{^jj  grain)  have  been  fatal.    It  will  be  safe  to  conclude  that  these 

*  According  to  Christison's  researches,  "02  grm.  (about  g-  grain)  is  fatal 
to  swine  ;  "03  grm.  (.^  grain)  to  bears,  if  injected  into  the  pleura.  1  to  3 
grains  ('0648  to  ■IQi'i  grm.)  is  given  to  horses  in  cases  of  paralysis,  although 
3  grains  cannot  but  be  considered  a  dangerous  dose,  unless  smaller  doses 
have  been  previously  administered  without  effect  ;  10  grains  would  probably 
kill  a  horse,  and  15  gi-ains  ('972  grm.)  have  certainly  done  so. 
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)  XII. -ACTION  OF  STRYCHNINE  ON  ANIMALS. 


Keekoned  on  1  Kilo,  of 
Body-weight. 

Anima]. 

Manner  of  Application. 

Lowest 
FiXperimental 
Lethal  Dose. 

Highest 
Expenmental 
Lethal  Dose. 

Dose  of  Strychnine  Nitrate  in 
Mgrms. 

Rabbit,   .  . 

Subcutaneous. 

0-50 

Cat,    .    .  . 

075 

Dog,    .    .  . 

)> 

0-75 

)5  ... 

Taken  by  the  Stomach. 

2-0 

3-90 

J  ,           -        .  , 

Rectum. 

2-00 

>)  ... 

Bladder. 

5-50 

1 

...  J 

Fox,    .    .  . 

Subcutaneous. 

1-00 

Hedgehog,  . 

1-00 

2-00 

Fowl,  .    .  . 

2-00 

Frog,  .    .  . 

2-00 

2-10 

Mouse,    .  . 

2-36 

2-36 

Ring  Adder, 

" 

23-10 

doses  by  the  stomach  would  have  acted  still  more  surely  and  ener- 
getically if  injected  subcutaneously.    The  case  of  Warner  is 
exceptional,  for  he  was  in  weak  health ;  and,  if  calculated  out 
according  to  body-weight,  presuming  that  Dr.  Warner  weighed 
68  kilos.,  the  relative  dose  as  strychnine  nitrate  would  be  -24  per 
kilo. — a  smaller  dose  than  for  any  animal  hitherto  experimented 
upon.    There  is,  however,  far  more  reason  for  believing  that  the 
degree  of  sensitiveness  in  man  is  about  the  same  as  that  of  cats 
or  dogs,  and  that  the  least  fatal  dose  for  man  is  -70  per  kilo., 
the  facts  on  record  fairly  bearing  out  this  view.    It  is,  therefore, 
probable  that  death  would  follow  if  48  mgrms.        grain)  were 
injected  subcutaneously  into  a  man  of  the  average  weight  of 
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68  kilos.  (150  lbs.)    Taylor  estimates  the  fatal  dose  of  strychnine  ^ 
for  adults  as  from  32-4  to  129-6  mgrms.  (-5  to  2  grains) ;  Guy 
puts  the  minimum  at  16-2  mgrms.  (-25  grain). 

Large  doses  of  strychnine  may  be  recovered  from  if  correct 
medical  treatment  is  sufficiently  prompt.  Witness  the  remark- 
able instances  on  record  of  duplex  poisonings,  in  which  the 
would-be  suicide  has  unwittingly  defeated  his  object  by  taking- 
strychnine  simultaneously  with  some  narcotic,  such  as  opium  or 
chloral.  In  a  case  related  by  Schauenstein,*  a  suicidal  pharma- 
cist took  -48  grm.  or  -6  grm.  (7-4  to  9-25  grains)  of  strychnine 
nitrate  dissolved  in  about  30  cc.  of  bitter  almond  water,  and 
then,  after  half  an  hour,  since  no  symptoms  were  experienced, 
•6  grm.  (9-25  grains)  of  morphine  acetate,  which  he  likewise 
dissolved  in  bitter-almond  water  and  swallowed.  After  about 
ten  minutes,  he  still  could  walk  with  uncertain  steps,  and  poured 
some  chloroform  on  the  pillow-case  of  his  bed,  and  lay  on  his 
face  in  order  to  breathe  it.  In  a  short  time  he  lost  conscious- 
ness, but  again  awoke,  and  lay  in  a  half-dreamy  state,  incapable 
of  motion,  until  some  one  entered  the  room,  and  hearing  him 
murmur,  came  to  his  bedside.  At  that  moment — two  and  a. 
quarter  hours  after  first  taking  the  strychnine — the  pharmacist 
had  a  fearful  convulsion,  the  breathing  was  suspended,  and  he 
lost  consciousness.  Again  coming  to  himself,  he  had  several 
convulsions,  and  a  physician  who  was  summoned  found  him  in 
general  tetanus.  There  were  first  clonic,  then  tonic  convulsions, 
and  finally  opisthotonus  was  fully  developed.  The  treatment 
consisted  of  emetics,  and  afterwards  tannin  and  codeine  were 
given  separately.  The  patient  slept  at  short  intervals  ;  in  ten 
hours  after  the  taking  of  the  poison  the  seizures  were  fewer  in 
number  and  weaker  in  character,  and  by  the  third  day  recovery 
was  complete.  Dr.  Macredy  f  has  also  placed  on  record  an  in- 
teresting case,  in  which  the  symptoms,  from  a  not  very  large 
dose  of  strychnine,  were  delayed  by  laudanum  for  eight  hours. 
A  young  woman,  twenty-three  years  of  age,  pregnant,  took  at 
10  A.M.  a  quantity  of  strychnine  estimated  at  1-5  grain,  in  the 
form  of  Battle's  vermin-killer,  and  immediately  afterwards  2 
ounces  of  laudanum.  She  was  seen  by  Dr.  Macredy  in  four 
hours,  and  was  then  sufiering  from  pronounced  narcotic  symp- 
toms. A  sulphate  of  zinc  emetic  was  administered.  In  eight 
hours  after  taking  the  strychnine,  there  were  first  observed 
some  clonic  convulsive  movements  of  the  hands,  and,  in  a  less 
degree,  the  legs.    These  convulsions  continued,  at  times  severe, 

*  Maschka's  Handhicli,  from  Tschepke  :  Deutsche  Klinilc,  1861 
t  Lancet,  November  28,  1882. 
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for  several  hours,  and  were  treated  with  chloral.  Recovery  was 
speedy  and  complete. 

In  a  similar  case  related  by  Dr.  Harrison,*  a  man,  aged  54, 
took  a  packet  of  Battle's  vermin-killer,  mixed  with  about  a 
drachm  and  a  half  of  laudanum  and  some  rum.  At  the  time  he 
had  eaten  no  food  for  days,  and  had  been  drinking  freely ;  yet 
fifty  minutes  elapsed  before  the  usual  symptoms  set  in,  and  no 
medical  treatment  was  obtained  until  four  hours  after  taking 
the  dose.  He  was  then  given  chloral  and  otlier  remedies,  and 
made  a  rapid  recovery. 

§  348.  Action  on  Animals. — The  action  of  strychnine  has  been 
experimentally  studied  on  all  classes  of  animals,  from  the 
infusoria  upwards.  The  effects  produced  on  animal  forms  which 
possess  a  nervous  system  are  strikingly  alike,  and  even  in  the 
cephalapoda,  tetanic  muscular  spasm  may  be  readily  observed. 
Of  all  animals  the  frog  shows  the  action  of  strychnine  in  its 
purest  form,  especially  if  a  dose  be  given  of  just  sufficient 
magnitude  to  produce  toxic  effects.  The  frog  sits*  perfectly  still 
and  quiet,  unless  acted  upon  by  some  external  stimuli,  such  as  a 
breath  of  air,  a  loud  noise,  or  the  shaking  of  the  vessel  which 
contains  it,  then  an  immediate  tetanic  convulsion  of  all  the 
muscles  is  witnessed,  lasting  a  few  seconds  only,  when  the 
animal  again  resumes  its  former  posture.  This  heightened 
state  of  reflex  action  has  its  analogue  in  hydrophobia  as  well 
as  in  idiopathic  tetanus.  If  the  frog  thus  poisoned  by  a  weak 
dose  is  put  under  a  glass  shade,  kept  moist,  and  sheltered  from 
sound,  or  from  other  sources  of  irritation,  no  convulsions  occur, 
a,nd  after  some  days  it  is  in  its  usual  health.  If,  on  the  other 
hand,  by  frequent  stimuli,  convulsions  are  excited,  the  animal 
dies.  M.  Richet*  has  lately  contributed  a  valuable  memoir  to 
the  Academy  of  Sciences  on  the  toxic  action  of  strychnine.  He 
has  confirmed  the  statement  of  previous  observers  that,  with 
artificial  respiration,  much  larger  doses  of  strychnine  may  be 
taken  without  fatal  result  than  under  normal  conditions,  and 
has  also  recorded  some  peculiar  phenomena.  Operating  on  dogs 
and  rabbits,  after  first  securing  a  canula  in  the  trachea,  and  then 
injecting  beneath  the  skin  or  into  the  saphena  vein  10  mgrms. 
of  strychnine  hydrochlorate,  the  animal  is  immediately,  or 
within  a  few  seconds,  seized  with  tetanic  convulsions,  and  this 
attack  would  be  mortal,  were  it  not  for  artificial  respiration. 
Directly  this  is  practised  the  attack  ceases,  and  the  heart,  after 
a  period  of  hurried  and  spasmodic  beats,  takes  again  its  regular 

*  Lancet,  Mcay  13,  1882. 

*  De  I' Action  de  la  Strychnine  a  trcs  forte  dose  sur  les  3lammiferes. 
Comptes  Send.,  t.  xcl.,  p.  131. 
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rhythm.  Stronger  and  stronger  doses  may  then  be  injected 
without  causing  death.  As  the  dose  is  thus  augmented,  the 
symptoms  differ.  M.  Richet  distinguishes  the  following  periods : 
—(1.)  A  period  of  tetanus.  (2.)  A  period  of  convulsion,  charac- 
terised by  spasmodic  and  incessant  contraction  of  all  the  muscles. 
(3.)  A  little  later,  when  the  quantity  exceeds  10  mgrms.  per 
kilo.,  a  choreic  period,  which  is  characterised  by  violent  rhythmic 
shocks,  very  sudden  and  short,  repeated  at  intervals  of  about 
three  to  four  seconds;  during  these  intervals  there  is  almost 
complete  relaxation.  (4.)  A  period  of  relaxation;  this  period  is 
attained  Avhen  the  dose  exceeds  40  mgrms.  per  kilo.  Reflex 
action  is  annihilated,  the  spontaneous  respiratory  movements 
cease,  the  heart  beats  tumultuously  and  regularly  in  the  severe 
tetanic  convulsions  at  first,  and  then  contracts  with  frequency 
but  with  regularity.  The  jjupils,  widely  dilated  at  first,  become 
much  contracted.  The  arterial  pressure,  [enormously  ^raised 
at  the  commencement,  diminishes  gradually,  in  one  case  from 
0"34  mm.  to  0-05  mm.  The  temperature  undergoes  analagous 
changes,  and  during  the  convulsions  is  extraordinai'ily  elevated  ; 
it  may  even  attain  41°  or  42°,  to  sink  in  the  period  of  relaxation 
to  36°.  Dogs  and  rabbits  which  have  thus  received  enormous 
quantities  of  strychnine  {e.g.,  50  mgrms.  per  kilo.),  may,  in  this 
way,  live  for  several  hours,  but  the  slightest  interruption  to  the 
artificial  respiration,  in  the  relaxed  state,  is  followed  by  syncope 
and  death. 

§  349.  Effects  on  Man:  Symptoms. — The  commencement  of 
symptoms  may  be  extremely  rapid,  the  rapidity  being  mainly 
dependent  on  the  form  of  the  poison  and  the  manner  of  applica- 
tion. A  soluble  salt  of  strychnine  injected  subcutaneously  will 
act  within  a  few  seconds  * ;  in  a  case  of  amaurosis,  related 
by  Schuler,  t  5-4  mgrms.  of  a  soluble  strychnine  salt  were 
introduced  into  the  Punctum  lachrymale; — in  less  than  four 
minutes  there  were  violent  tetanic  convulsions.  In  a  case 
related  by  Barker,  the  symptoms  commenced  in  three,  minutes 
from  a  dose  of  -37  grm.  (5-71  grains).  Here  the  poison  was 
not  administered  subcutaneously.  Such  short  periods,  to  a 
witness  whose  mind  was  occupied  during  the  time,  might  seem 
immediate.  On  the  other  hand,  when  nux  vomica  powder  has 
been  taken,  and  Avhen  strychnine  has  been  given  in  the  form  of 
pill,  no  such  rapid  course  has  been  observed,  or  is  likely  to 
occur,  the  usual  course  being  for  the  symptoms  to  commence 
within  half  an  hour.    It  is,  however,  also  possible  for  them  to  be 

_  *  In  one  of  M.  Richet's  experiments,  a  soluble  strychnine  salt  miected  ' 
into  a  dog  subcutaneously  acted  in  fourteen  seconds. 

t  Quoted  by  Taylor  from  Med.  Times  and  OazeW,  July,  1861 
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delayed  from  one  to  two  hours,  and  under  certain  circumstances 
(as  m  the  case  related  by  Macredy)  for  eight  hours.  In  a  few 
cases,  there  is  first  a  feeling  of  uneasiness  and  heightened 
sensibility  to  external  stimuli,  a  strange  feeling  in  the  muscles 
of  the  jaw,  and  a  catching  of  the  respiration ;  but  generally  the 
onset  of  the  symptoms  is  as  sudden  as  epilepsy,  and  previous 
to  their  appearance  the  person  may  be  pursuing  his  ordinary 
vocation,  when,  without  preliminary  warning,  there  is  a  shudder- 
ing of  the  whole  frame,  and  a  convulsive  seizure.  The  convul- 
sions take  the  form  of  violent  general  tetanus;  the  limbs  are 
stretched  out  involuntarily,  the  hands  are  clenched,  the  soles 
of  the  feet  incurved,  and,  in  the  height  of  the  paroxysm,  the 
back  may  be  arched  and  rigid  as  a  board,  the  sufferer  resting  on 
head  and  heels,  and  the  abdomen  tense.  In  the  grasp  of  the 
thoracic  muscles  the  walls  of  the  chest  are  set  immovable,  and 
from  the  impending  suffocation  the  face  becomes  congested,  the 
eyes  prominent  and  staring.  The  muscles  of  the  lower  jaw — in 
"  disease  tetanus  "  the  first  to  be  affected — are  in  "  strychnos 
tetanus,''"  as  a  rule,  the  last ;  a  distinction,  if  it  were  more 
constant,  of  great  clinical  value.  The  convulsions  and  remis- 
sions recur  until  death  or  recovery,  and,  as  a  rule,  within  two 
hours  from  the  commencement  of  the  symptoms  the  case  in 
some  way  or  other  terminates.  The  number  of  the  tetanic 
seizures  noted  has  varied — in  a  few  cases  the  third  spasm  has 
passed  into  death,  in  others  there  have  been  a  great  number. 
The  duration  of  the  spasm  is  also  very  different,  and  varies  from 
thirty  seconds  to  five  or  even  eight  minutes,  the  interval 
between  lasting  from  forty-five  seconds*  to  one  or  even  one  and 
a  half  hours,  t 

§  350.  Diagnosis  of  Strychnine  Poisoning. — However  striking 
and  well  defined  the  picture  of  strychnine  tetanus  may  be,  mis- 
takes in  diagnosis  are  rather  frequent,  especially  when  a  medical 
man  is  hastily  summoned,  has  never  seen  a  case  of  similar 
poisoning,  and  has  no  suspicion  of  the  possible  nature  of  the 
seizure.  If  a  young  woman,  for  instance,  is  the  subject,  he  may 
put  it  down  to  hysteria,  and  certainly  hysteria  not  unfrequently 
affects  somewhat  similar  convulsions.  In  a  painful  case  in 
which  the  author  was  engaged,  a  young  Avoman  either  took  or 
was  given  (for  the  mystery  was  never  cleared  up  fully)  a  fatal 
dose  of  strychnine,  and  though  the  symptoms  were  well  marked, 
the  medical  attendant  was  so  possessed  with  the  view  that  the 
case  was  due  to  hysteria,  that,  even  after  making  the  2}Ost-mortem 

*  White,  Brit.  Med.  Journ.,  18C7. 
t  Folkes,  2Ied.  Times.,  1869. 
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examination,  and  finding  no  adequate  lesion,  he  theorised  as  to 
the  possibility  of  some  fatal  hysteric  spasm  of  the  glottis,  while 
there  was  ample  chemical  evidence  of  strychnine,  and  a  weighable 
quantity  of  the  alkaloid  was  actually  separated  from  the  contents 
of  the  stomach.  Such  cases  are  particularly  sad,  for  we  now 
know  that,  with  judicious  treatment,  a  rather  large  dose  may  be 
recovered  from. 

If  the  case  is  a  male,  a  confusion  with  epilepsy  is  possible, 
though  hardly  to  be  explained  or  excused ;  while  in  both  sexes 
idiopathic  tetanus  is  so  extremely  similar  as  to  give  rise  to 
the  idea  that  all  cases  of  idiopathic  tetanus  are  produced  by 
'  poison,  perhaps  secreted  by  the  body  itself.  As  for  the 
distinction  between  idiopathic  and  strychnic  tetanus,  it  is 
usually  laid  down  (1)  that  the  intervals  in  the  former  are 
characterised  by  no  relaxation  of  the  muscles,  but  that  they 
continue  contracted  and  hard ;  and  (2)  that  there  is  a  notable 
rise  of  temperature  in  disease  tetanus  proper,  and  not  in 
strychnine  tetanus.  Both  statements  are  misleading,  and  the 
latter  is  not  true,  for  in  strychnic  poisoning  the  relaxation 
is  not  constant,  and  very  high  temperatures  in  animals  have 
been  observed. 

§  351.  Physiological  Action. — The  tetanic  convulsions  are 
essentially  reflex,  and  to  be  ascribed  to  a  central  origin;  the 
normal  reflex  sensibility  is  exaggerated  and  unnaturally  ex- 
tended. If  the  ischiatic  plexus  supplying  the  one  leg  of  an 
animal  is  cut  through,  that  leg  takes  no  part  in  the  general 
convulsions,  but  if  the  artery  of  the  leg  alone  is  tied,  then  the 
leg  sufiers  from  the  muscular  spasm,  as  well  as  the  limbs  in 
which  the  circulation  is  unrestrained.  In  an  experiment  by 
Dr.  W.  B.  Richardson,  a  healthy  dog  was  killed,  and,  as  soon  as 
practicable,  a  solution  of  strychnine  was  injected  through  the 
systemic  vessels  by  the  aorta— the  whole  body  became  at  once 
stifi"  and  rigid  as  a  board.  These  facts  point  unmistakably  to 
the  spinal  marrow  as  the  seat  of  the  toxic  influence.  Strychnine 
is,  excellence,  a  spinal  poison.  On  physiological  grounds,  the 
gray  substance  of  the  cord  is  considered  to  have  an  inhibitory 
action  upon  reflex  sensibility,  and  this  inhibitory  power  is 
paralysed  by  strychnine. 

Much  light  has  been  thrown  upon  the  cause  of  death  by 
Eichet's  experiments.*  It  would  seem  that,  in  some  cases,  death 
takes  place  by  a  suffocation  as  complete  as  in  drownino-,  the 
chest  and  diaphragm  being  immovable,  and  the  nervous  respira- 
tory centres  exhausted.    In  such  a  case,  immediate  death  would 


*  Op.  cil. 
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be  averted  by  a  tracheal  tube,  by  tbe  aid  of  which  artificial 
respiration  might  be  carried  on  ;  but  there  is  another  asphyxia  due 
to  the  enormous  interstitial  combustion  carried  on  by  muscles 
violently  tetanised.  "  If,"  says  Richet,  "after  having  injected  into 
a  dog  a  mortal  dose  of  strychnine,  and  employed  artificial  respira- 
tion according  to  the  classic  method  twenty  or  thirty  times  a 
minute,  the  animal  dies  (sometimes  at  the  end  of  ten  minutes 
and  in  every  case  at  the  end  of  an  hour  or  two),  and  during  life 
the  arterial  blood  is  examined,  it  will  be  ascertained  that  it  is 
black,  absolutely  like  venous  blood." 

This  view  is  also  supported  by  the  considerable  rise 
of  temperature  noticed  :  the  blood  is  excessively  poor  in 
oxygen,  and  loaded  with  carbon  dioxide.  That  this  state  of  the 
blood  is  produced  by  tetanus,  is  proved  by  the  fact  that  an 
animal  poisoned  by  strychnine,  and  then  injected  subcutaneously 
with  curare  in  quantity  just  sufficient  to  paralyse  the  muscular 
system,  does  not  exhibit  this  phenomena.  By  the  aid  of  artificial 
respiration,  together  with  the  administration  of  curare,  an 
animal  may  live  after  a  prodigious  dose  of  strychnine. 

Meyer*  has  investigated  carefully  the  action  of  strychnine  on 
the  blood-pressure — through  a  strong  excitement  of  the  vaso- 
motor centre,  the  arteries  are  narrowed  in  calibre,  and  the  blood- 
pressure  much  increased  ;  the  action  of  the  heart  in  frogs  is 
slowed,  but  in  the  warm-blooded  quickened. 

§  352.  Post-mortem  Appearances. — ^There  is  but  little  character- 
istic in  the  post-mortem  appearances  from  strychnine  poisoning. 
The  body  becomes  very  stiff  a  short  time  after  death,  and  this 
rigidity  remains  generally  a  long  time.  In  the  notorious  Palmer 
case,  the  body  was  rigid  two  months  after  death,  but,  on  the 
other  hand,  the  rigor  mortis  has  been  known  to  disappear  within 
twenty-four  hours.  If  the  convulsions  have  been  violent,  there 
may  be  minute  htemorrhages  in  the  brain  and  other  parts.  I 
have  seen  considerable  haemorrhage  in  the  trachea  from  this 
cause.  When  death  occurs  from  asphyxia,  the  ordinary  signs 
of  asphyxia  will  be  found  in  the  lungs,  kc.  The  heart  mostly 
has  its  right  side  gorged  with  blood,  but  in  a  few  cases  it  is. 
empty  and  contracted. 

In  a  case  which  Schauenstein  has  recorded!  be  found  strych- 
nine still  undissolved,  coating  the  stomach  as  a  white  powder ; 
but  this  is  very  unusual,  and  I  believe  unique.  The  bladder  often 
contains  urine,  which,  it  need  scarcely  be  said,  should  be  pre- 
served for  chemical  investigation. 

*  Wiener  AJcad.  Sitziivgsher.,  1871. 
t  Op.  cit. 
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§  353.  Treatment. — From  the  cases  detailed,  and  from  the 
experiments  on  animals,  the  direction  which  treatment  should 
take  is  very  clear.  As  a  matter  of  course,  if  there  is  the  slightest 
probability  of  any  of  the  poison  remaining  in  the  stomach, 
it  should  he  removed  either  by  emetics  or,  better,  by  the  stomach- 
pump.  Large  and  frequent  doses  of  chloral  should  be  admini- 
stered in  order  to  lessen  the  frequency  of  convulsions,  or  prevent 
their  occurrence,  and  it  may  be  necessary  in  a  few  cases,  where 
death  threatens  by  suffocation,  to  perform  tracheotomy,  and  to 
use  artificial  respiration.  Where  chloral  or  chloroform  is  not 
at  hand,  and  in  cases  of  emergency,  where  this  may  easily 
happen,  the  medical  man  must  administer  in  full  doses  the 
nearest  narcotic  at  hand.* 

§  354.  Separation  of  Strychnine  from  Organic  Matters. — The 
separation  of  strychnine  from  organic  matters,  &c.,  is  undertaken 
strictly  on  the  general  principles  already  detailed.  It  may 
happen,  however,  that  in  cases  of  poisoning  there  is  the-  strongest 
evidence  from  symptoms  in  the  person  or  animal  that  strychnine 
alone  is  to  be  sought  for.  In  an  instance  of  the  kind,  if  a 
complex  organic  liquid  (such  as  the  contents  of  the  stomach)  is 
under  examination,  it  is  best  to  remove  the  solid  substances  by 
filtration  through  glass,  wool,  or  linen,  and  evaporate  nearly  to 
dryness  over  the  water-bath,  acidifying  with  acetic  acid,  and  then 
exhausting  the  residue  repeatedly  with  boiling  alcohol  of  80  per 
cent.  The  alcoholic  extract  is  in  its  turn  evaporated  to  dryness, 
and  taken  up  with  water;  the  aqueous  solution  is  passed  through  a 
wet  filter,  and  then  shaken  up  with  the  usual  succession  of  fluids— 
VIZ  petroleum  ether,  benzene,  chloroform,  and  amyl  acohol,  Avhich 
will  remove  a  great  number  of  impurities,  but  will  not  dissolve 
the  strychnine  from  the  acid  solution.  The  amyl  alcohol  may 
last  y  be  removed  by  petroleum  ether ;  and  on  removal  of  the 
final  extractive  (which  should  be  done  as  thoroughly  as  possible) 
chloroform  is  added,  and  the  fluid  is  alkalised  by  ammonia,  which 
precipitates  the  alkaloid  in  the  presence  of  the  solvent.  Should 
the  reverse  process  be  employed-that  is,  ammonia  added  first, 
and  then  chloroform-the  strychnine  is  not  so  perfectly  dissolved 
since  It  has  time  to  assume  a  crystalline  condition.  On  separation 
and  evaporation  of  the  chloroform,  the  residue  (if  much  dis- 
coloured, or  evidently  impure)  may  be  dissolved  in  alcohol  or 

f-       wfif      f "^r^*^^  ^®  ^  valuable  antidote  for  strvchniiie 
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Lenzene,  and  recrystallised  several  times;  this  by  practice  can  be 
done  without  any  loss  of  substance. 

Should  search  be  made  for  minute  portions  of  strychnine  in  the 
tissues,  considering  the  small  amount  of  the  poison  which  may 
produce  death,  it  is  absolutely  necessary  to  operate  on  a  very 
large  quantity  of  material.  It  would  be  advisable  to  take  the 
whole  of  the  liver,  the  brain,  spinal  cord,  spleen,  stomach,  duo- 
denum, kidneys,  all  the  blood  that  can  be  obtained,  and  a  con- 
siderable quantity  of  muscular  tissue,  so  as  to  make  in  all  about 
one-eighth  to  one-tenth  of  the  whole  body;  this  may  be  cut  up  into 
small  pieces,  and  boiled  in  capacious  flasks  with  alcohol,  acidified 
with  acetic  acid.  Evaporation  must  be  controlled  by  adapting 
to  the  cork  an  upright  condenser. 

Should  the  analyst  not  have  apparatus  of  a  size  to  undertake 
this  at  one  operation,  it  may  be  done  in  separate  portions— the 
filtrate  from  any  single  operation  being  collected  in  a  flask,  and 
the  spirit  distilled  ofi"  in  order  to  be  used  for  the  next.  In  this 
way,  a  large  quantity  of  the  organs  and  tissues  can  be  exhausted 
hj  half  a  gallon  of  alcohol.  Finally,  most  of  the  alcohol  is  dis- 
tilled off",  and  the  remainder  evaporated  at  a  gentle  heat  in  a 
capacious  dish,  the  extract  being  treated  by  water  &c ,  as 
described.  It  is  only  by  working  on  this  large  scale  that  there 
is  any  probability  of  detecting  absorbed  strychnine  m  those  cases 
where  only  one  or  two  grains  have  destroyed  life,  and  even  then 
it  is  possible  to  miss  the  poison.  ,        .  , 

8  3.55  Strychnine  may  be  separated  from  the  urine  by  con- 
centrating to  about  one-third  of  its  bulk,  acidifying  with 
sulphuric  acid,  and  filtering;  a  mixture  of  equal  volumes  of 
ether  and  chloroform  is  added,  and  the  urine  then  alkahsed  by 
ammonia  and  shaken.  The  ether  chloroform  subsides  to  the 
bottom,  and  may  be  drawn  off,  and  on  evaporation  leaves  the 
strychnine  present,  mixed,  of  course,  with  some  impurities.  A 
more  thorough  extraction  of  strychnine  from  urine  is  to  evapo- 
rate to  a  syrup,  alkalise  by  caustic  potash  treat  the  alkaline 
syrup  -ith  repeated  quantities  of  chloroform  separate  the 
chloroform,  and  drive  it  off  by  the  gentle  heat  of  a  water-bath. 
The  residue  is  now  digested  for  some  time  Xbne  and 
sulphuric  acid  on  the  water-bath,  again  made  alkahne  and 
extracted  by  chloroform.  This  final  chloroform  extract  will 
leave  the  -  a  fairly  pure  state,  and  it  may  be  converted 

inte  chromate,  and     Vtt'tt  kTdnfyt  rTpf^^^^^^    In  a  suicidal 

*  Maschka's  Handhuch,  Band  2,  p.  620. 
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and  a  half  after  taking  strychnine,  yet  from  200  cc.  of  the  urine, 
Schauenstein  was  able  to  separate  nitrate  of  strychnine  in  well- 
formed  crystals.  Dr.  Kratter*  has  made  some  special  researches 
on  the  times  within  which  strychnine  is  excreted  by  the 
kidneys.  In  two  patients,  who  were  being  treated  by  subcu- 
taneous injection,  half  an  hour  after  the  injection  of  7-5  mgrms. 
of  strychnine  nitrate  the  alkaloid  was  recognised  in  the  urine. 
The  strychnine  treatment  was  continued  for  eight  to  ten  days, 
and  then  stopped ;  two  days  after  the  cessation,  strychnine  was 
found  in  the  urine,  but  none  on  the  third  day,  and  the  inference 
drawn  is  that  the  elimination  is  complete  within  forty-eight 
hours. 

Strychnine  has  been  detected  in  the  blood  of  dogs  and  cats  in 
researches  specially  undertaken  for  that  purpose,  but  sometimes 
a  negative  result  has  been  obtained,  without  apparent  cause. 
Dragendorff  t  gave  dogs  the  largest  possible  dose  of  strychnine 
daily.  On  the  first  few  days  no  strychnine  was  found  in  the 
urine,  but  later  it  was  detected,  especially  if  food  was  with- 
held. M'Adam  was  the  first  who  detected  the  absorbed 
poison,  recognising  it  in  the  muscles  and  urine  of  a  poisoned 
horse,  and  also  in  the  urine  of  a  hound.  Dragendorff  has  found 
it  in  traces  in  the  kidneys,  spleen,  and  pancreas ;  Gay,  in  different 
parts  of  the  central  nervous  system,  and  in  the  saliva.  So  far  as 
the  evidence  goes,  the  liver  is  the  best  organ  to  examine  for 
strychnine ;  but  all  parts  supplied  with  blood,  and  most  secretions, 
may  contain  small  quantities  of  the  alkaloid.  At  one  time  it 
was  believed  that  strychnine  might  be  destroyed  by  putrefaction, 
but  the  question  of  the  decomposition  of  the  poison  in  putrid 
bodies  may  be  said  to  be  settled.  So  far  as  all  evidence  goes, 
strychnine  is  an  extremely  stable  substance,  and  no  amount  of 
putrescence  will  destroy  it.  M'Adam  found  it  in  a  horse  a 
month  after  death,  and  in  a  duck  eight  weeks  after;  Nunneley  in 
fifteen  animals  forty-three  days  after  death,  when  the  bodies 
were  much  decomposed  ;  Eoger  in  a  body  after  five  weeks  in- 
terment ;  and  lastly,  Richter  in  putrid  tissues  exposed  for  eleven 
years  to  decomposition  in  open  vessels. 

§  356.  Identification  of  the  Alkaloid. — A  residue  containing 
strychnine,  or  strychnine  mixed  with  brucine,  is  identified— 

(1.)  By  its  alkaline  reaction  and  its  bitter  taste.  No  sub- 
stance can  possibly  be  strychnine  unless  it  taste  markedly 
bitter.  ■ 

*  Maschka's  Handhuch,  Band  2,  p.  620. 

+  In  an  animal  rapidly  killed  by  a  subcutaneous  injection  of  acetate  of 
strychnine,  no  strychnine  was  detected  either  in  the  blood  or  liver  — 
■Dragendorff. 
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(2.)  By  the  extremely  insoluble  cliromate  of  strychnine, 
already  described.*  A  fluid  containing  1  :  1000  of  strychnine 
gives  with  chromate  of  potash  (if  allowed  to  stand  over  night)  a 
marked  precipitate,  dissimilar  to  all  others,  except  those  of  lead 
and  baryta  chromates,  neither  of  which  can  possibly  occur  if  any 
of  the  processes  described  are  followed. 

(3.)  If  the  chromate  just  described  is  treated  on  a  porcelain 
plate  with  a  drop  of  pure  strong  sulphuric  acid,  a  deep  rich  blue 
colour,  passing  through  purple  into  red,  rapidly  makes  its 
appearance.  Dr.  Guy,  neglecting  intermediate  colours,  aptly 
compares  the  succession — (1.)  to  the  rich  blue  of  the  Orleans 
plum;  (2.)  to  the  darker  purple  of  the  mulberry;  and  (3.)  to 
the  bright  clear  red  of  the  sweet  orange.  These  characters — viz., 
alkalinity,  bitterness,  and  the  property  of  precipitation  by 
potassic  chromate  in  a  definite  crystalline  form,  the  crystals 
giving  the  colours  detailed — belong  to  no  other  substance  known 
save  strychnine,  and  for  all  purposes  sufiiciently  identify  the 
alkaloid.    Other  tests  are  as  follows  : — 

(4.)  Colours  similar  to  (3.)  may  also  be  obtained  by  mixing  a 
drop  of  sulphuric  acid  with  strychnine  and  a  crystal,  or  speck,  of 
any  one  of  the  following  substances :— Ferridcyanide  of  potash, 
permanganate   of  potash,   peroxide   of  lead,  or  peroxide  of 


manganese. 


(5*)  Its  behaviour  in  the  subliming  cell  has  been  already 
described;  tests  may  be  applied  to  any  of  the  sublimates,  or  to 
the  substance  itself  Dr.  Guy  has  proposed  to  treat  a  sublimate 
with  a  drop  of  a  solution  of  dilute  picric  acid,  In  a  few 

seconds  or  minutes,  small,  round,  greenish-brown  spots  shoAv 
themselves,  which  spread,  often  coalesce,  and  become  the  centres 
of  delicate  arborescent  crystalline  groups,  the  elementary  form 
in  all  of  which  is  a  large  section  of  a  small  circle,  a  rare  form, 
and  one  eminently  characteristic.  . 

(6  )  Letheby's  galvanic  colour  test :— If  a  minute  strychnine 
residue,  obtained  by  the  evaporation  of  a  drop  of  dilute  solution 
of  strychnine  in  a  cup-shaped  depression  m  a  piece  of  platmum 
foil,  be  treated  with  a  drop  of  concentrated  sulphuric  acid,  and 
the  foil  connected  with  the  positive  pole  of  a  Grove  or  Smees 
battery,  on  touching  the  acid  with  the  negative  pole  a_  violet 
colour  flashes  out,  and  on  removing  the  pole  the  tint  remains 

(7  )  Sonnenschein  has  proposed  the  sesquioxide  of  cerium  and 
sulphuric  acid  as  a  test  for  strychnine  :  the  colours  produced  are 

*  1  <rrm  of  strvchnine  gave  1-280  gi-ms.  of  the  chromate,  =  78-1  per  cent, 
of  stJySne ; llSeTsfl  of  the  chfomate,  =78-77  per  cent,  of  stiyehnme. 
— Mohr. 
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a  beautiful  blue,  passing  slowly  into  violet,  and  terminating  in  a 
long-enduring  cherry-red. 

These  colour  tests  are  supposed  to  be  employed  upon  the 
more  or  less  pure  substance.  If,  however,  strychnine  be  mixed 
with  no  great  quantity  of  starch  or  dextrine,  tartar  emetic, 
tartaric  acid,  or  argol,  it  will  still  respond. 

Brucine,  if  in  large  quantity,  renders  the  tests  for  strychnine 
uncertain ;  but,  as  already  pointed  out,  the  strychnine  may  be 
converted  into  chromate,  and  thus  separated  from  brucine.  The 
pharmaceutical  preparations,  moreover,  do  not  contain  sufficient 
brucine  to  interfere  seriously  with  the  colour  tests.  In  mixture 
with  santonin  it  is  easily  detected.  Dragendorff  obtained 
evidence  of  its  presence  when  only  so  small  a  quantity  as  -32 
mgrm.  was  present.  In  mixture  with  quinine  and  cinchonine 
it  can  also  be  detected.  Dragendorff  was  able  to  render  eAddent 
•025  mgrm.  mixed  with  twenty  times  its  weight  of  quin.  sulphate; 
the  same  observer  likewise  recognised  *04  mgrm.  of  strychnine 
in  thirty-three  times  its  weight  of  caffeine.  Yeratrine  is  Like- 
wise not  injurious.  Since  morphine  is  used  as  an  antidote,  it 
might  be  separated  with  strychnine;  Reese*  recognised  in  a 
mixture  of  equal  parts  of  strychnine  and  morphine,  -^-^  grm. 
when  the  proportion  was  1:2;  grm.  whn  1:3;  i^t 

grm.  when  1:4;  .^oko  g™.  when  1:5;  ^  grm.  when  1  :  10 ; 
xjrou  g™-  when  1  :  20 ;  but  these  alkaloids  are  easily  separated, 
absolute  alcohol  dissolving  out  the  morphine,  and  leaving  the 
strychnine. 

(8.)  The  Physiological  Test  consists  in  administering  the  sub- 
stance to  some  small  animal  (preferably  to  a  frog),  and  inducincr 
the  ordinary  tetanic  symptoms.  It  may  be  at  once  observed 
that  il  definite  chemical  evidence  of  strychnine  has  been  obtained, 
the  physiological  test  is  quite  unnecessary ;  and,  on  the  other 
hand,  should  the  application  of  a  Uquid  or  substance  to  a  froff 
induce  tetanus,  while  chemical  evidence  of  the  presence  of 
strychnine  was  wanting,  it  would  be  hazardous  to  assert  that 
strychnine  was  present,  seeing  that  caffeine,  carbolic  acid,  picro- 
toxin,  certain  of  the  opium  alkaloids,  some  of  the  ptomaines, 
and  many  other  substances  induce  similar  symptoms.  The  best 
method  (If  the  test  is  used  at  all)  is  to  tike  two  frogs  f  and 
insert  under  the  skm  of  the  one  the  needle  of  a  subcutaneous 
synnge,  previously  charged  with  a  solution  of  the  substance 
injecting  a_  moderate  quantity.  The  other  frog  is  treated 
similarly  with  a  very  dilute  solution  of  strychnine,\nd  the  two 
*  Pharm.  Zeitschr.  f.  Russland.  Jahrg.,  i.  p  277 
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are  then  placed  under  small  glass  shades,  and  the  symptoms 
observed  and  compared.  It  is  not  absolutely  necessary  to  inject 
the  solution  under  the  skin,  for  if  applied  to  the  surface'  the 
same  effects  are  produced ;  but,  if  accustomed  to  manipulation, 
the  operator  will  find  the  subcutaneous  application  more  certain, 
especially  in  dealing  with  minute  quantities  of  the  alkaloid.  * 

§  357.  Brucine  (0,311251^204)1  occurs  associated  with  strychnine 
in  the  plants  already  mentioned ;  its  best  source  is  the  so-called 
false  angustura  bark,  which  contains  but  little  strychnine.  Its 
action  is  similar  to  that  of  strychnine.    If  crystallised  out  of 
dilute  alcohol  it  contains  4  atoms  of  water,  easily  expelled  either 
in  a  vacuum  over  sulphuric  acid  or  by  heat.  ■  Orystallised  thus, 
it  forms  transparent  four-sided  prisms,  or  arborescent  forms,  like 
boric  acid.    If  thrown  down  by  ammonia  from  a  solution  of  the 
acetate,  it  presents  itself  in  needles  or  in  tufts. 
»  The  recently-crystallised  alkaloid  has  a  solubility  different 
from  that  which  has  effloresced,  the  former  dissolving  in  320 
parts  of  cold,  and  150  parts  of  boiling  water ;  whilst  the  latter 
(according  to  Pelletier  and  Oaventou)  requires  600  of  boiling, 
and  850  parts  of  cold,  water  for  solution.     Brucine  is  easily 
soluble  in  absolute,  as  well  as  in  ordinary,  alcohol;  1  part 
dissolves  in  1-7  of  chloroform,  in  60-2  of  benzene.  Petroleum 
ether,  the  volatile  and  fatty  oils  and  glycerine,  dissolve  the 
alkaloid  slightly,  amyl  alcohol  freely;  it  is  insoluble  in  anhydrous 
ether.     The  behaviour  of  brucine   in  the  subliming  cell  is 
described  at  p.  244.    The  alcoholic  solution  of  brucine  turns  the 
plane  of  polarisation  to  the  left  [a]r=  -11-27°.    The  taste  is 
bitter  and  acrid.    Soubeiran  maintains  that  it  can  be  recognised 
if  one  part  is  dissolved  in  500,000  parts  of  water.    If  nitric 
trioxide  be  passed  into  an  alcoholic  solution  of  brucine,  first 
brucine  nitrate  is  formed;  but  this  passes  again  into  solution, 
from  which,  after  a  time,  a  heavy,  granular,  blood-red  precipi- 
tate separates :  it  consists  of  dinitro-brucine  (023ll24(]SrO2)2N2O4). 
Brucine  fully  neutralises  acids,  and  forms  salts  which  are  for  the 
most  part  crystalline.    The  neutral  sulphate  (0331125^204811204 
+  3i-Il20)  is  in  long  needles,  easily  soluble  in  water.  The 
acetate  is  not  crystalline,  that  of  strychnine  is  so  (p.  307). 

*  Methvl  strvchnine,  as  well  as  methyl  brucine,  has  been  shown  by 
Brown  and  Fraser  to  have  an  effect  exactly  the  opposite  to  that  of  strychnine 
paralvsing  the  muscles  like  curari.    In  the  case,  therefore,  of  the  methyl 
compounds,  a  physiological  test  would  be  very  valuable,  smce  these  com- 
pounds do  not  respond  to  the  ordmary  tests.  ■,  •  .     x     1,  • 

t  Sonnerischein  has  asserted  that  brucine  may  be  changed  mto  strychnine 
by  the  action  of  NO3.  This  statement  has  been  investigated  by  A.  d .  Lownley, 
but  not  confirmed.— f/iarm.  Joxirn.  [3],  vi.,p.  841. 
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The  precipitants  of  solutions  of  the  salts  of  brucine  are — 
ammonia,  the  caustic  and  carbonated  alkalies,  sulphocyanide 
of  potash,  platinic  chloride,  and  a  large  number  of  general 
alkaloidal  reagents. 

§  358.  Physiological  Action. — No  essential  difference  between 
the  action  of  strychnine  and  that  of  brucine  on  man  or  animals 
has  yet  been  demonstrated,  save  in  a  few  minor  points.  To  all 
intents  and  purposes,  speaking  in  a  .physiological  sense,  brucine 
is  a  diluted  strychnine.  The  lethality  of  brucine,  especially  as 
compared  with  strychnine,  has  been  admirably  investigated  by 
F.  A.  Falck.*  He  experimented  on  eleven  rabbits,  injecting  sub- 
cutaneously  brucine  nitrate,  in  doses  of  varying  magnitude,  from 
100  mgrms.  down  to  20  mgrms.  per  kilogram  of  body-weight.  He 
found  that  brucine  presented  three  stages  of  symptoms.  In  the 
first,  the  respiration  is  quickened ;  in  three  of  the  eleven  cases  a 
strange  injection  of  the  ear  was  noticed  ;  during  this  period  the 
pupils  may  be  dilated.  In  the  second  stage,  there  are  tetanic 
convulsions,  trismus,  opisthotonous,  oppressed  respiration,  and 
dilated  pupils.  In  the  third  stage,  the  animal  is  moribund. 
Falck  puts  the  minimum  lethal  dose  for  rabbits  at  23  mgrms. 
per  kilo.  Strychnine  kills  3-06  times  more  quickly  than  brucine, 
the  intensity  of  the  action  of  strychnine  relative  to  that  of 
brucine  being  as  1:117-4.  Falck  has  also  compared  the 
minimum  lethal  dose  of  strychnine  and  brucine  with  the  tetan- 
ising  opium  alkaloids,  as  shown  in  the  following  table  : — 

TABLE  Xm. -LETHAL  DOSES  OF  VAEIOUS  TETANISING 

POISONS. 


Strychnine  Nitrate, 
Thebaine  Nitrate,  . 
Brucine  Nitrate, 
Landanine  Nitrate, 
Codeine  Nitrate, 
Hydrocotarnine  Nitrate, 


*  Brucinu  Stryclmin  ;  eine  Toxikologische  Parallele,  von  Dr.  P  A  Falck 
Vierteljahrsschr.f.  Gerichll.  Med.,  Band  xxiii.,  p.  78. 


Jlinimum  Lethal 
Dose  for  every 
Kilogram  Weight 
of  Babbit. 

Proportional 
Strength. 

0-6 

14-4 

24-0 

23-0 

38-33 

29-6 

49-33 

51-2 

85-33 

203-8 

339-66 
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If  [these  views  are  correct,  it  follows  that  the  least  fatal  dose 
for  an  adult  man  would  be  I'Si  grm.  (about  13-4  grains)  of 
brucine  nitrate. 


Fig.  15.    (From  a  FhotograpJi.) 


§  359.  Tests. — The  best  test  for  brucine  is,  in  my  opinion,  the 
reaction  with  methyl  iodide.  If  to  a  solution  of  brucine  in 
strong  alcohol  a  little  methyl  iodide  is  added,  at  the  end 
of  a  few  minutes  circular  rosettes  of  crystal  groups  appear 
(see  fig.  15):  they  are  composed  of  methyl  brucine  iodide 
(023ll25(0H3)]Sr2O^HI).  Crystals  identical  in  shape  are  also 
obtained  if  an  alcoholic  solution  of  iodine,  or  hydriodic  acid  with 
iodine,  is  added  to  an  alcoholic  solution  of  brucine.  A  solution 
of  strychnine  gives  with  methyl  iodide  no  similar  reaction. 
Strychnine  in  alcoholic  solution,  mixed  with  brucine,  in  no 
way  interferes  with  the  test.  The  methyl  iodide  test  may 
be  confirmed  by  the  action  of  nitric  acid.  With  that  re- 
agent it  produces  a  scarlet  colour,  passing  into  blood-red, 
into  yellow-red,  and  finally  ending  in  yellow.  This  can^ 
be  made  something  more  than  a  mere  colour  test,  for  it  is  ' 
possible  to  obtain  a  crystalline  body  from  the  action  of  nitric 
acid  on  brucine.    If  a  little  of  the  latter  be  put  in  a  test-tube, 
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and  treated  with  nitric  acid  of  1-4  specific  gravity  (immersing 
the  test-tube  in  cold  water  to  moderate  the  action),  the  red  colour 
is  produced.  On  spectroscopic  examination  of  the  blood-red 
liquid  a  broad,  well-marked  absorption  band  is  seen,  the  centre 
of  which  is  very  near  D.  [W.  L.  589-4].  There  is  also  a  develop- 
ment of  nitric  oxide  and  carbon  dioxide,  and  the  formation  of 
methyl  nitrite,  oxalic  acid,  and  kakotelin  (0,3B[2g]Sr2O4  +  SNHO^ 
=  OooH^N.Og  +  N(0H3)O2  +  +  2N0  +  2IL^0).  On  diluting 

abundantly  with  water,  the  kakotelin  separates  in  yellow  flocks, 
and  may  be  crystallised  out  of  dilute  hydrochloric  or  dilute  nitric 
acid  in  the  form  of  yellow  or  orange-red  crystals,  very  insoluble 
in  water,  but  dissolving  readily  in  dilute  acid.  On  removal  by 
dilution  of  the  product  just  named,  neutralisation  with  ammonia, 
and  addition  of  a  solution  of  chloride  of  calcium,  the  oxalate  of 
lime  is  thrown  down.  The  nitric  acid  test  is,  therefore,  a  com- 
bined test,  consisting  of — the  production  by  the  action  of 
nitric  acid,  (1.)  of  a  red  colour ;  (2.)  of  yellow  scales  or  crystals 
insoluble  in  water ;  (3.)  of  oxalic  acid.  No  alkaloid  save  brucine 
is  known  to  give  this  reaction. 

There  are  other  methods  of  producing  the  colour  test.  If  a 
few  drops  of  nitric  acid  are  mixed  with  the  substance  in  a  test- 
tube,  and  then  sulphuric  acid  cautiously  added,  so  as  to  form  a 
layer  at  the  bottom,  at  the  junction  of  the  liquids  a  red  zone, 
passing  into  yellow,  is  seen. 

A  solution  of  brucine  is  also  coloured  red  by  chlorine  gas, 
ammonia  changing  the  colour  into  yellow. 

Fliickiger  *  has  proposed  as  a  test  mercurous  nitrate,  in 
aqueous  solution  with  a  little  free  nitric  acid.  On  adding  this 
reagent  to  a  solution  of  brucine  salt,  and  gently  warming,  a  fine 
carmine  colour  is  developed. 

In  regard  to  the  separation  of  brucine  from  organic  fluids  or 
tissues,  the  process  already  detailed  for  strychnine  suffices.  It  is 
of  very  great  importance  to  ascertain  whether  both  strychnine 
and  brucine  are  present  or  not — the  presence  of  both  pointing 
to  nux  vomica  or  one  of  its  preparations.  The  presence  of 
brucine  may,  of  course,  be  owing  to  impure  stryclinine ;  but  if 
found  in  the  tissues,  that  solution  of  the  question  is  improbable, 
the  commercial  strychnine  of  the  present  day  being  usually  pure, 
or  at  the  most  containing  so  small  a  quantity  of  brucine  as  would 
hardly  be  separated  from  the  tissues. 

§  360.  Igasurine  is  an  alkaloid  as  yet  but  little  studied ;  it 
appears  that  it  can  be  obtained  from  the  boiling-hot  watery 
extract  of  nux  vomica  seeds,  through  precipitating  the  strych- 


*  Archivf.  Pharm.  [.3],  vi.,  404. 
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nine  and  brucine  by  lime,  and  evaporation  of  the  filtrate.  Ac- 
cording to  Desnoix,*  it  forms  white  crystals  containing  10  per 
cent,  of  water  of  crystallisation. 

It  is  said  to  be  poisonous,  its  action  being  similar  to  that  of 
strychnine  and  brucine,  and  in  activity  standing  midway  between 
the  two. 

§361.  Strychnic  Acid. — Pelletier  and  Oaventou  obtained  by 
boiling  with  spirit  small,  hard,  warty  crystals  of  an  organic  acid, 
from  S.  ignatius,  as  well  as  from  nux  vomica  seeds.  The  seeds- 
were  first  exhausted  by  ether,  the  alcohol  solution  was  filtered 
and  evaporated,  and  the  extract  treated  with  water  and  magnesia, 
filtered,  and  the  residue  first  washed  with  cold  water,  then  with 
hot  spirit,  and  boiled  lastly  with  a  considerable  quantity  of 
water.  The  solution  thus  obtained  was  precipitated  with  acetate 
of  lead,  the  lead  thrown  out  by  SHo,  and  the  solution  evaporated, 
the  acid  crystallising  out.  It  is  a  substance  as  yet  imperfectly 
studied,  and  probably  identical  with  malic  acid. 


2.  THE  QUEBRACHO  GROUP  OF  ALKALOIDS. 

§  362.  The  bark  of  the  Quebracho  Blanco  f  {AspidosiJerma, 
qiiebracho)  contains,  according  to  Hesse's  researches,  no  fewer 
than  six  alkaloids — Quebrachine,  Aspidospermine,  Aspidosper- 
matine,  Aspidosamine,  and  Hypoquebrachine.  The  more  im- 
portant of  these  are  Aspidospermine  and  Quebrachine. 

Aspidospermine  (02oIIgoN202)  forms  colourless  needles,  which 
melt  at  206°.  They  dissolve  in  about  6000  parts  of  water  at 
14° — 48  parts  of  90  per  cent,  alcohol,  and  106  parts  of  pure  ether. 
The  alkaloid  gives  a  fine  magenta  colour  with  perchloric  acid. 

Quebrachine  (OgiEggNaOg)  crystallises  in  colourless  needles, 
melting  point  (with  partial  decomposition)  215°.  The  crystals, 
are  soluble  in  chloroform,  with  difficulty  soluble  in  cold  alcohol, 
but  easily  in  hot.  The  alkaloid,  treated  with  sulphuric  acid  and 
peroxide  of  lead,  strikes  a  beautiful  blue  colour.  It  also  gives  with 
sulphuric  acid  and  potassic  chromate  the  strychnine  colours. 
Quebrachine,  dissolved  in  sulphuric  acid  containing  iron,  becornes 
violet-blue,  passing  into  brown.  The  alkaloid,  treated  with 
strong  sulphuric  acid,  becomes  brown ;  on  adding  a  crystal  of 
potassic  nitrate,  a  blue  colour  is  developed ;  on  now  neutralising 
with  caustic  soda  no  red  coloration  is  perceived.  Dragendorff" 
has  recently  studied  the  best  method  of  extracting  these  alka- 

*  JoMrn.  P/tarm.  [3],  XXV.,  202.  „,on 
+  See  Liebig's  AnnaL,  211, 249-2S2  ;  Ber.  derDeutsch.  Geselkch.,  11,  2189  ; 
12,  1560. 


§  363,  364.]       QUEBRACHO  ALKALOIDS— GELSEMINE. 


329 


loids  for  toxicological  purposes.  He  recommends  extraction  of 
the  substances  with  sulphuric  acid  holding  water,  and 
shaking  up  with  solvents.  Aspidospermine  is  not  extracted 
by  petroleum  ether  or  benzene  from  an  acid  watery- 
extract,  but  readily  by  chloroform  or  by  amyl  alcohol.  It- 
is  also  separated  from  the  same  solution,  alkalised  by 
ammonia,  by  either  amyl  alcohol  or  chloroform;  with  diffi- 
culty by  petroleum  ether;  some  is  dissolved  by  benzene. 
Quebrachine  may  be  extracted  from  an  acid  solution  by  chloro- 
form, but  not  by  petroleum  ether.  Alkalised  by  ammonia,  it 
dissolves  freely  in  chloroform  and  in  amyl  alcohol.  Traces  are 
taken  up  by  petroleum,  somewhat  more  by  benzene.  Aspido- 
spermine is  gradually  decomposed  in  the  body,  but  Quebrachine 
is  more  resistant,  and  has  been  found  in  the  stomach,  intestines,, 
blood,  and  urine.  The  toxicological  action  of  the  bark  ranks  it 
with  the  tetanic  class  of  poisons.  In  this  country  it  does  not 
seem  likely  to  attain  any  importance  as  a  poison. 


3.  PEREIRINE. 

§  363.  Pereirine.  — An  alkaloid  from  pereira  bark,  gives  a  play  of  colours 
with  sulphuric  acid  and  potassic  bichromate  similar  to  that  of  strychnine. 
Frohde's  reagent  strikes  with  it  a  blue  colour.  On  dissolving  pereirine  in 
diliite  sulphuric  acid,  and  precipitating  by  gold  chloride,  the  precipitate  is 
a  beautiful  red,  which,  on  standing  and  warming,  is  deepened.  Pereirine 
may  be  extracted  from  an  acid  solution  by  benzene. 


4.  GELSEMINE. 

§  364.  Gelsemine  is  an  alkaloid*  which  has  been  separated 
from  Gelsemium  sempervirens,  the  Carolina  jessamine,  a  plant 
having  affinities  with  several  natural  orders,  and  placed  by  De 
Oandolle  among  the  loganiacece,  by  Chapman  among  the  ruhiacecBy 
and  by  Decaisne  among  the  apocynaceoi.  It  grows  wild  in 
Virginia  and  Florida. t     Gelsemine  is  a  strong  base;   it  is. 


*  Dr.  T.  G.  Wormley  separated,  in  1870,  a  non-nitroganised  remarkably 
fluorescent  body,  which  he  named  gelsemic  acid  [Amer.  Journ.  of  Pharm., 
1870),  but  Sonnenschein  and  C.  Robbins  afterwards  found  gelsemic  acid  to ' 
be  identical  with  fesculin  (Ber.  der  Deuisch.  Chem.  Ges.,  1876,  1182).  Dr. 
"Wormley  has,  however,  recently  contested  this,  stating  that  there  are 
differences.  {Amer.  Journ.  of  Phann.,  1882,  p.  337.  "Yearbook  of 
Pharmacy,"  1882,  p.  169.) 

t  The  following  are  its  botanical  characters  :— -Calyx  five-parted,  corolla, 
funnel-shaped,  five-lobed,  somewhat  oblique,  the  lobes  almost  equal,  the. 
posterior  being  innermost  in  bud ;  stamens  five  ;  anthers  oblong  saggitate, 
style  long  and  slender  ;  stigmas  two,  each  two-parted,  the  divisions  being: 
Imear;  fruit  elliptical,  flattened  contrary  to  the  narrow  partition,  two-celled 
septicidally  two-valved,  the  valves  keeled ;  seeds  five  to  six  in  each  cell' 
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yellowish  when  impure,  but  a  white  amorphous  powder  when 
pure.  It  fuses  below  100°  into  a  transparent  vitreous  mass,  at 
higher  temperatures  it  condenses  on  glass  in  minute  drops ;  its 
taste  is  extremely  bitter ;  it  is  soluble  in  25  parts  of  ether,  in 
chloroform,  bisulphide  of  carbon,  benzene,  and  in  turpentine ;  it 
IS  not  very  soluble  in  alcohol,  and  still  less  soluble  in  water,  but 
It  freely  dissolves  in  acidulated  water.  The  caustic  alkalies 
precipitate  it,  the  precipitate  being  insoluble  in  excess;  it  is 
first  white,  but  afterwards  brick-red.  Tannin,  picric  acid,  iodised 
potassic  iodide,  platinic  chloride,  potassio-mercuric  iodide,  and 
mercuric  chloride  all  give  precipitates.  Frohde's  reagent  gives 
with  gelsemine  a  brown  changing  to  green. 

Sulphuric  acid  dissolves  gelsemine  with  a  reddish  or  brownish 
colour ;  after  a  time  it  assumes  a  pinkish  hue,  and  if  warmed  on 
the  water-bath,  a  more  or  less  purple  colour ;  if  a  small  crystal 
of  potassic  bichromate  be  slowly  stirred  in  the  sulphuric  acid 
solution,  reddish  purple  streaks  are  produced  along  the  path  of 
the  crystal ;  eerie  oxide  exhibits  this  better  and  more  promptly, 
so  small  a  quantity  as  -001  grain  showing  the  reaction.  This 
reaction  is  something  like  that  of  strychnine,  but  nitric  acid 
causes  gelsemine  to  assume  a  brownish-green,  quickly  changing 
to  a  deep  green — a  reaction  which  readily  distinguishes  gelsemine 
from  strychnine  and  other  alkaloids. 

§  365.  Fatal  Dose. — 10  mgrms.  killed  a  frog  within  four  hours, 
and  8  mgrms.  a  cat  •within  fifteen  minutes.  A  healthy  woman  took 
an  amount  of  concentrated  tincture,  which  was  equivalent  to 
1 1  mgrms.  {\  grain),  and  died  in  seven  and  a  half  hours. 

§  366.  Effects  on  Animals — Physiological  Action. — Gelsemine 
actes  powerfully  on  the  respiration;  for  example,  Drs.  Sydney 
Ringer  and  Murrell*  found,  on  operating  on  the  frog,  that  in  two 
minutes  the  breathing  had  become  distinctly  slower ;  in  three 
a,nd  a  half  minutes,  it  had  been  reduced  by  one-third  ;  and  in  six 
minutes,  by  one-half;  at  the  expiration  of  a  quarter  of  an  hour, 
it  was  only  one-third  of  its  original  frequency ;  and  in  twenty 
minutes,  it  was  so  shallow  and  irregular  that  it  could  no  longer 
be  counted  with  accuracy.  In  all  their  experiments  they  found 
that  the  respiratory  function  was  abolished  before  reflex  and 
voluntary  motion  had  become  extinct.  In  several  instances  the 
animals  could  withdraw  their  legs  when  their  toes  were  pinched, 

large,  flat,  and  -winged  ;  embryo  strai2;lit  in  fleshy  albumen  ;  the  ovate  flat, 
cotyledons  much  shorter  than  the  slender  radicle  ;  stem  smooth,  twining  and 
shrubby;  leaves  opposite,  entire,  ovate,  or  lanceolate,  shining  on  short 
petioles,  nearly  persistent ;  flowers  large,  showy,  very  fragrant,  yellow,  one 
to  five  in  the  axil  of  the  leaves. 
*  Lancet,  vol.  i,,  1876,  p.  415. 
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days  after  the  most  careful  observations  had  failed  to  detect 
the  existence  of  any  respiratory  movement.  The  heart  was  seen 
beating  through  the  chest  wall  long  after  the  complete  abolition 
of  respiration. 

In  their  experiments  on  warm-blooded  animals  (cats),  they 
noticed  that  in  a  few  minutes  the  respirations  were  slowed  down 
to  twelve  and  even  to  eight,  and  there  was  loss  of  power  of  the 
posterior  extremities,  while  at  short  intervals  the  upper  half  of 
the  body  was  convulsed.  In  about  half  an  hour  paralysis  of  the 
hind  limbs  was  almost  complete,  and  the  respiratory  movements 
so  shallow  that  they  could  not  be  counted.  In  the  case  of  a  dog, 
after  all  respiration  had  ceased,  tracheotomy  was  performed,  and 
air  pumped  in  :  the  animal  recovered. 

Einger  and  Murrell  consider  that  gelsemine  produces  no 
primary  quickening  of  the  respiration,  that  it  has  no  direct  action 
on  either  the  diaphragm  or  intercostal  muscles,  that  it  paralyses 
neither  the  phrenic  nor  the  intercostal  nerves,  and  that  it 
diminishes  the  rate  of  respiration  after  both  vagi  have  been 
divided.  They  do  not  consider  that  gelsemine  acts  on  the  cord 
through  Setschenow's  inhibitory  centre,  but  that  it  destroys 
reflex  power  by  its  direct  action  on  the  cord,  and  that  probably 
it  has  no  influence  on  the  motor  nerves.  Dr.  Burdon  Sanderson 
has  also  investigated  the  action  of  gelsemine  on  the  respiration, 
more  especially  in  relation  to  the  movements  of  the  diaphragm. 
He  operated  upon  rabbits  •  the  animal  being  narcotised  by  chloral, 
a  small  spatula,  shaped  like  a  teaspoon,  was  introduced  into  the 
peritoneal  cavity  through  an  opening  in  the  linea  alba,  and  passed 
upwards  in  front  of  the  liver  until  its  convex  surface  rested 
against  the  under  side  of  the  centrum  tendineum.  The  stem  of 
the  spatula  was  brought  into  connection  with  a  lever,  by  means 
of  which  its  to-and-fro  movements  (and  consequently  that  of  the 
diaphragm)  were  inscribed.  The  first  effect  is  to  augment  the 
depth  but  not  the  frequency  of  the  respiratory  movements  ;  the 
next  is  to  diminish  the  action  of  the  diaphragm  both  in  extent 
and  frequency.  This  happens  in  accordance  with  the  general 
principle  applicable  to  most  cases  of  toxic  action  —  viz.,  that 
paresis  of  a  central  organ  is  preceded  by  over-action.  The 
diminution  of  movement  upon  the  whole  is  progressive,  but  this 
progression  is  interrupted,  because  the  blood  is  becoming  more 
and  more  venous,  and  therefore  the  phenomena  of  asphyxia  are 
mixed  up  with  the  toxical  eff"ects.  Dr.  Sanderson  concludes  that 
the  drug  acts  by  paralysing  the^automatic  respiratory  centre;  the 
process  of  extinction,  which  might  be  otherwise  expected  to  be 
gradual  and  progressive,  is  prevented  from  being  so  by  the 
intervention  of  disturbances  of  which  the  explanation  is  to  be 
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found  111  the  imperfect  arterialisation  of  the  circulating  blood 
Kmger  and  Murrell  have  also  experimented  upon  the  action  of 
gelsemme  on  the  frog's  heart.  In  all  cases  it  decreased  the 
number  of  beats ;  a  small  fatal  dose  produced  a  white  contracted 
heart,  a  large  fatal  dose  a  dark  dilated  heart;  in  either  case 
arrest  of  the  circulation  of  course  followed. 

§  367.  Effects  on  Man. — The  preparations  used  in  medicine  are 
the  fluid  extract  and  the  tincture  of  gelsemine ;  the  latter 
appears  to  contain  the  resin  of  the  root  as  well  as  the  active 
principle.  There  are  several  cases  on  record  of  gelsemine,  or  the 
plant  itself,  having  been  taken  with  fatal  effect.*  Besides  a 
marked  efiect  on  the  respiration,  there  is  an  effect  upon  the  eye, 
better  seen  in  man  than  in  the  lower  animals  ;  the  motor  nerves 
of  the  eye  ai-e  attacked  first,  objects  cannot  be  fixed,  apparently 
dodging  their  position,  the  eyelids  become  paralysed,  droop,  and 
cannot  be  raised  by  an  eff"ort  of  the  will ;  the  pupils  are  largely 
dilated,  and  at  the  same  time  a  feeling  of  lightness  has  been 
complained  of  in  the  tongue  ;  it  ascends  gradually  to  the  roof  of 
the  mouth,  and  the  pronunciation  is  slurred.  There  is  some 
paresis  of  the  extremities,  and  they  refuse  to  support  the  body  ; 
the  respiration  becomes  laboured,  and  the  pulse  rises  in  frequency 
to  120  or  130  beats  per  minute,  but  the  mind  remains  clear.  The 
symptoms  occur  in  about  an  hour  and  a  half  after  taking  an 
over-dose  of  the  drug,  and,  if  not  excessive,  soon  disappear, 
leaving  no  unpleasantness  behind.  If,  on  the  other  hand,  the 
case  proceeds  to  a  fatal  end,  the  respiratory  trouble  increases, 
and  there  may  be  convulsions,  and  a  course  very  similar  to  that 
seen  in  experimenting  on  animals.  Large  doses  are  especially 
likely  to  produce  tetanus,  which  presents  some  clinical  differences 
distinguishing  it  from  strychnine  tetanus.  Gelsemine  tetanus 
is  always  preceded  by  a  loss  of  voluntary  reflex  power,  res- 
piration ceases  before  the  onset  of  convulsions,  the  posterior 
extremities  are  most  affected,  and  irritation  fails  to  excite 
another  paroxysm  till  the  lapse  of  some  seconds,  as  if  the 
exhausted  cord  required  time  to  renew  its  energy ;  flnally,  the 
convulsions  only  last  a  short  time. 

§  368.  Extraction  from  Organic  Matters,  or  the  Tissues  of  tlie 
Body. — Dragendorff  states  that,  from  as  little  as  half  a  grain  of 
the  root,  both  gelsemine  and  gelsemic  acid  may  be  extracted 
with  acid  water,  and  identified.  On  extracting  with  water 
acidified  with  sulphuric  acid,  and  shaking  up  the  acid  liquid 
with  chloroform,  the  gelsemic  acid  (sesculin  1)  is  dissolved,  and 
the  gelsemine  left  in  the  liquid.  The  chloroform  on  evaporation 
*  See  Lancet,  1873,  vol.  ii.,  p.  475 ;  Brit.  Med.  and  Surg.  Journ.,  April, 
1869  ;  Phil.  Med.  and  Surg.  Reporter,  1861. 
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leaves  gelsemic  acid  in  little  micro-crystals  ;  it  may  be  identified 
by  (1)  its  crystallising  in  little  tufts  of  crystals  ;  (2)  its  strong 
fluorescent  properties,  one  part  dissolved  in  15,000,000  parts  of 
water  showing  a  marked  fluorescence,  which  is  increased  by  the 
addition  of  an  alkali ;  and  (3)  by  splitting  up  into  sugar  a,nd 
another  body  on  boiling  with  a  mineral  acid.  After  separation 
of  gelsemic  acid,  the  gelsemine  is  obtained  by  alkalising  the 
liquid,  and  shaking  up  with  fresh  chloroform ;  on  separation  of 
the  chloroform,  gelsemine  may  be  identified  by  means  of  the 
reaction  with  nitric  acid,  and  also  the  reaction  with  potassic 
bichromate  and  sulphuric  acid. 


V.  THE  ACONITE  GEOUP  OF  ALKALOIDS. 

§  369.  The  officinal  aconite  is  the  Aconitiovi  napellus — monks- 
hood or  wolfsbane — a  very  common  garden  plant  in  this  country, 
and  one  cultivated  for  medicinal  purposes.  Many  varieties  of 
aconite  exist  in  other  regions,  which  either  are,  or  could  be, 
imported.  Of  these  the  most  important  is  the  Aconitum  ferox,  a 
native  of  the  Himalayan  mountains,  imported  from  India. 

All  the  aconites,  so  far  as  known,  are  extremely  poisonous, 
and  it  appears  probable  that  different  species  contain  different 
alkaloids.  The  root  of  A.  nafellus  is  from  two  to  four  inches 
long,  conical  in  shape,  brown  externally  and  white  internally. 
The  leaves  are  completely  divided  at  the  base  into  five  wedge- 
shaped  lobes,  each  of  the  five  lobes  being  again  divided  into 
three  linear  segments.  The  numerous  seeds  are  three-sided, 
irregularly  twisted,  wrinkled,  of  a  dark-brown  colour,  in  length 
one-sixth  of  an  inch,  and  weighing  25  to  the  grain  {Guy).  The 
whole  plant  is  one  of  great  beauty,  from  two  to  six  feet  high, 
and  having  a  terminal  spike  of  conspicuous  blue  flowers.  The 
root  has  been  fatally  mistaken  for  horse-radish,  an  error  not 
easily^  accounted  for,  since  no  similarity  exists  between  them. 

_  §  370.  Pharmaceutical  Preparations  of  Aconite. — The  prepara- 
tions of  aconite  used  in  medicine  are — 

Aconitine,  officinal  in  all  the  pharmacopceias. 

Aconite  liniment  {Linimentum  aconiti),  made  from  the  root 
with  spirit,  and  flavoured  with  camphor ;  officinal  in  the  British 
pharmacopoeia.    It  may  contain  about  2-0  per  cent,  of  aconitine. 

Aconite  tincture,  officinal  in  all  the  pharmacopcEias. 

Aconite  ointment,  8  grains  to  the  ounce  {i.e.,  1-66  per  cent.)  • 
officinal  in  the  British  pharmacopoeia.  ' 
_  Aconite  extract,  the  juice  of  the  leaves  evaporated ;  officinal 
in  most  of  the  pharmacopceias. 
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Fleming's  tincture  of  aconite  is  not  officinal,  but  is  sold  largely 
m  commerce.  It  is  from  three  to  four  times  stronger  than  the 
P.B.  tincture. 

§  371.  The  Aconite  Alkaloids. — The  alkaloids  which  have  been 
stated  to  exist  in  A.  napellus  are — Aconitine,  napelline,  acolyc- 
tine,  lycoctine,  and  one  or  two  others.  The  first  is  considered  to 
be  in  combination  with  aconitic  or  equisetic  acid  (HgOgHgOg) ; 
the  others  are  probably  derivatives  from  aconitine,  produced  by 
the  objectionable  employment  of  mineral  acids  and  too  hi<^h  a 
temperature  in  the  process  of  extraction. 

The  researches  of  Dr.  Alder  Wright  on  the  alkaloids  contained 
in  the  aconites  have  thrown  much  light  upon  the  subject,  and 
are  of  the  greatest  importance.  Only  a  summary  of  results  as 
obtained  by  him  can,  of  course,  be  given  here,  and  the  reader  is 
referred  to  the  original  papers  *  for  further  information. 

The  alkaloids  contained  in  Aconitum  nafellus  are  by  no  means 
identical  with  those  contained  in  Aconitum  ferox. 

Aconitum  napellus  roots  yield  a  crystallised  alkaloid,  Aconitine 
(OggH^gNOjg),  of  great  activity.  Some  roots,  but  apparently  not 
all,  contain  in  addition  a  nearly  inert  bitter  base,  termed  by  Dr. 
A.  Wright,  Picraconitine  (Og^H^gNOio).  Besides  picraconitine  and 
aconitine,  there  is  a  third  amorphous  alkaloid,  incapable  of  yield- 
ing crystalline  salts,  and  of  lower  molecular  weight. 

Aconitum  ferox  contains  an  active  alkaloid,  to  which  Dr. 
Wright  gives  the  name  of  pseudaconitine,  and  assigns  the  for^ 
mula  O27H37NO5.  From  pseudaconitine,  apopseudaconitine 
(OggH^^NOji),  pseudaconine  (OgyH^j^NOg),  apopseudaconine 
(Og^HggNOg),  and  other  derivatives  may  be  obtained. 

Confining  our  attention  to  the  physiologically-active  alkaloids, 
Aconitine  and  Pseudaconitine,  the  points  of  resemblance  and  dif- 
ference between  them  are  as  follows  : — They  are  both  physiolo- 
gically active,  and  both  give  precipitates  with  mercuric  chloride, 
potassium  mercuro-bromide,  potassium  mercuriodide,  tannin, 
gold  chloride,  and  several  other  precipitants  of  the  alkaloids. 

From  aconitine,  pseudaconitine  differs  in  its  molecular  weight, 
and  in  its  melting  point — aconitine  melting  at  189°,  pseudar 
conitine  at  about  104°  to  105°. 

Aconitine  by  saponifying  agents  breaks  up  into  benzoic  acid 
and  a  new  alkaloid,  according  to  the  reaction, 

while  pseudaconitine,  treated  similarly,  gives  rise  to  a  new  body 
{pseudaconine)  and  dimethyl-protocatechuic  acid. 


*  Journ.  CJiem.  Society,  i.,  1S77,  p.  143  ;  ib.  i.,  1878,  p.  151. 
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Aconitine,  again,  crystallises  anyhdrous  ;  pseudaconitine  with 
one  atom  of  water.  Aconitine  yields  well-crystallised  salts  with 
facility  ;  pseiidaconitine,  treated  similarly,  produces  amorphous 
varnishes,  with  a  few  exceptions — e.g,  the  nitrate. 

§  372.  Analysis  of  Pharmaceutical  Preparations  of  Aconite. — 
The  yield  of  total  alkaloids  from  aconite  roots  is  about  -34  per 
cent,  when  Duquesnel's  process  is  used,  but  with  the  older 
methods  the  yield  is  very  small — e.g.,  -002  per  cent. — the  heat 
destroying  most  of  the  alkaloid.  The  approximate  strength 
of  tinctures,  liniments,  &,g.,  may  be  determined  by  Mayer's 
reagent.*  Each  cc.  of  this  fluid  precipitates  '0269  of 
Duquesnel's  or  Petit's  aconitine.  The  titration,  according 
to  Dragendorff",  must  operate  upon  a  fluid  containing  about  one 
part  of  the  alkaloid  in  150  to  200  of  water,  and  a  first  experi- 
ment is  necessary  in  order  to  ascertain  the  proper  degree  of 
dilution.  The  reagent  is  then  added  from  a  burette,  and  by  the 
use  of  a  Beale's  filter  the  point  at  which  a  precipitate  ceases  to 
be  produced  is  noted. 

Extracts  of  aconite  must  be  treated  with  acidulated  water, 
and  filtered ;  spirituous  preparations  must  be  freed  from  alcohol, 
and  acidulated.  Herr  Zinoffsky,  operating  in  this  way,  found 
in  Russian  tinctures  -116  to  -1  per  cent,  of  aconitine.  The 
alcoholic  extracts  appear  to  contain  from  4  to  6-5  per  cent. 

Commercial  aconitine  may  be  assayed  by  the  use  of  saponify- 
ing agents,  changing  aconitine  and  pseudaconitine  respectively 
into  benzoic  and  dimethyl-protocatechuic  acids.  The  following 
is  an  example  of  this  method  : — 

0-7895  grain  lost  at  100°  0-0335,    .       .       .  =    4-2. per  cent. 

2-3040  grains,  dissolved  in  hydrochloric  acid, 
and  treated  with  ether,  furnished  0-010 
grain  of  residue,  left  on  spontaneous  eva- 
poration of  ether,  consisting  of  resinous 
matter  _  with  a  little  dimethyl-proto- 
catechuic acid,        .       .       .       .       .  =  0-4 

2-0230  grains,  heated  from  240°  to  250°  in  a  " 
sealed  tube  for  twenty-four  hours  with 
water,  yielded  with  hydrochloric  acid 
and  ether  0-3660  grain  of  mixed  benzoic 
and  dimethyl-protocatechuic  acids,  with 
trace  of  resin,  .       .       .       .       .       ,  _  jg.j 

*  13-546  grms.  of  mercuric  chloride  and  49-8  potassic  iodide  in  a  Utre  of 
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On  distillation  Avith  water,  0-002  grin,  of 
benzoic  acid  Avas  obtained,  melting  at 
110°,       ........     O'l  per  cent. 

•1  per  cent,  of  benzoic  acid  would  correspond  to  0'6  per 
cent,  of  aconitine,  since  pure  aconitine  has  been  found  experi- 
mentally to  yield  about  one-sixth  of  its  weight  of  benzoic  acid. 

Pure  pseudaconitine  is  assumed  to  yield  25  per  cent,  of  its 
weight  of  dimethyl-protocatechuic  acid  ;  in  other  words,  the 
percentage  of  dimethyl-protocatechuic  acid  multiplied  by  4  (after 
making  corrections  for  resin,  pre-existing  acid,  and  benzoic  acid), 
equals  for  practical  purposes  the  percentage  of  pseudaconitine. 
Hence  the  results  of  the  previous  analysis  are  thus  worked 
out : — 

Total  dimethyl-protocatechuic  and  benzoic 
acids,  and  resin  obtained. 

Deduct  resin  and  pre-existing  dimethyl-proto- 
catechuic acid,  ..... 


Acids  due  to  pseudaconitine  and  aconitine 
present,  ....... 

Benzoic  acid  due  to  aconitine. 


18-1  per  cent. 
0-4  „ 


=  17-7 
=  0-1 


Dimethyl-protocatechuic  acid  due  to  pseuda- 
conitine, .       .       .       .       •       •       .  =  1  r6  ,, 

Percentage  of  pseudaconitine,  -  17-6x4  =  70-4  „ 
Ditto  of  aconitine,  .       .       .        =    0-1  x  6         0-6  „ 

Water,  =    4-2  „ 

Pseudaconine  and  amorphous  unnamed  base, 

&c.,  by  difference,  =24-8  „ 

§  373.  The  various  kinds  of  Commercial  Aconitine  and  the 
Fatal  Dose  of  Aconitine— The  commercial  varieties  of  aconitine 
differ  from  each  other  in  appearance  and  in  quantitative  action, 
but  not,  as  the  researches  of  Plugge  prove,  in  qualitative  action. 
The  French  aconitine  nitrate  of  Petit  is  in  white  crystals,  and  is 
the  purest  of  all  and  the  most  active.  Morson's  aconitine  is 
pseudaconitine,  a  yellow-brown  powder;  it  seems  to  approach, 
but  not  equal,  Petit's  in  activity.  Other  aconitmes  are  either 
brown  or  greyish  powders— such,  for  example,  as  those  ol  Merck 
and  Friedlander— or  transparent  gummy  masses,  e  g.,  Hopkins 
&  Williams'  pseudaconitine.  We  possess,  through  the  researches 
of  Professor   Plugge,*  some   very  exact  information   as  to 

*  ArcUv  der  Phavm.,  Jan.  7,  1882.  Trans,  of  Internat.  Med.  Congress, 
1881,  vol.  i.,  p.  472. 
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the  fatal  dose  (for  the  lower  animals)  of  Petit's,  Merck's,  and 
Friedlander's  aconitine  nitrate.  He  administered  the  following 
doses  to  the  animals  mentioned  : — 

TABLE  XIV.— FATAL  DOSES  (FOR  ANIMALS)  OF  ACONITINE. 


petit's  crystalline  aconitine  nitrate. 


Animals  Experimented 
upon. 

Dose  Given. 

Dose  per 
Kilogrm. 

Eesnlt. 

A  Frog,  .  .  . 
A  Rabbit,  .  .  . 
A  Dog,  .    .   .  . 

,,  .... 

,,  .... 

,,  .... 
A  Pigeon,  .    .  . 

•4  mgrm. 
•8 
1-6 
•45  „ 
•50  „ 
•60  „ 
•07  „ 

160 

•5- -6 
•21 
•10 
•054 
•075 
•22 

Death  in  60  Minutes. 
30  „■ 
20  „ 
„     140  „ 

Recovered, 

Recovered. 

Death  in  21  Minutes. 

Merck's  aconitine  nitrate. 

Animals  Experimented 
upon. 

Dose  Given. 

Dose  per 
Kilogrm. 

Result. 

A  Frog,      .     .  . 
),  ... 

17  ... 
>>  ... 

A  Rabbit,  .    .  . 

... 
A  Dog,  .... 
A  Pigeon,  .    .  . 

•4  mgrm. 
10  „ 
2-0  „ 
40  „ 
3.5  „ 
10  „ 
10  „ 

16 
40 
80 
160 
2 

6^50 
165 
1-65 

Recovered. 
Died  in  110-360  Min. 
75-130  „ 

"       ''^         >.  <; 

15         „  ■  . 
"  15 
Recovered, 

22 
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priedlander's  aconitine  nitrate. 


Animals  T^TnArimpTi+pfl 
upon. 

Dose  Given. 

Dose  per 
Kilogrm. 

Result. 

A  Frog,     .    .  . 

4 

mgrms. 

160 

Recovered. 

i>  ... 

10 

>) 

400 

1 

5»  ... 
)  J                 •        »  » 

20 
40 

j> 

)r 

800 
1600 

1 

L 
f 

1 

) 

Death  in  more  than 
60  Minutes. 

A  Rabbit,  .    .  . 

)5  ... 
S)  ... 

6 
24 
50 

>5 

)) 
)) 

4-11 
18-00 
85-50 

Recovered. 
)  > 
)» 

A  Dog,  .... 

28 

)) 

6-00 

} ) 

A  Pigeon,  .    .  . 

10 

) ) 

33-4 

The  conclusions  Plugge  draws  from  his  researches  are  that 
Petit's  aconitine  is  at  least  eight  times  stronger  than  that  of 
Merck,  and  seventy  times  more  toxic  than  that  of  Friedlander, 
while  Merck's  "  aconitine  again  is  twenty  to  thirty  times 
stronger  than  Friedlander's."  He  is  inclined  to  put  seven 
commercial  samples  which  he  has  examined  in  the  following 
diminishing  order  of  toxicity  : — (1.)  Petit's  crystalline  aconitine 
nitrate;  (2.)  Morson's  aconitine  nitrate;  (3.)  Hottot's  aconitine 
nitrate ;  (4.)  Hopkins  &  Williams'  pseudaconitine  ;  (5.)  Merck's 
aconitine  nitrate ;  (6.)  Schuchart's  aconitine  sulphate ;  and 
(7.)  Friedlander's  aconitine  nitrate. 

From  a  study  of  Dr.  Harley's  experiments,*  however,  made  a 
few  years  ago,  I  take  it  that  there  is  very  little  difference 
between  the  activity  of  Petit's  and  Morson's  aconitine.  Dr. 
Harley  experimented  on  a  young  cat,  3  lbs.  in  weight,  and  nearly 
killed  it  with  -j-J^  of  a  grain  of  Morson's  aconitine ;  two  other 
cats,  also  weighing  3  lbs.  each,  died  in  seven  and  a  half  hours  and 
three  quarters  of  an  hour  respectively,  killed  from  a  subcutaneous 
dose  of  of  a  grain.  Reducing  these  values  to  the  ordinary 
equivalents,  the  dose,  after  which  the  cat  recovered  with  difficulty, 
is  equal  to  about  -048  mgrm.  per  kilo.,  while  a  certainly  fatal 
dose  is  -092 _  mgrm.  per  kilo. ;  therefore,  it  seems  likely  that  the 

*  "  On  the  Action  and  Use  of  Aconitine,"  St.  Thos.  Hosp.  Report,  1874. 
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least  fatal  close  for  Morson's,  as  for  Petit's,  is  some  number 
betAveen  -075  and  -09  mgrm.  per  kilo. 

Man  is  evidently  more  sensitive  to  aconitine  than  any  of  the 
do^s  or  cats  experimented  upon,  since,  in  the  German  cases  to  be 
recorded,  1-6  mgrm.  of  Petit's  aconitine  nitrate,  taken  by  the 
mouth,  gave  rise  to  symptoms  so  violent  that  it  was  evidently 
a  dangerous  dose,  while  4  mgrms.  were  rapidly  fatal ;  but  if  man 
took  the  same  amount  per  kilo,  as  dogs  or  cats,  he  would  require 
a  little  over  6  mgrms.  to  be  certainly  fatal.  It  seems  to  me,  from 
the  evidence  obtainable,  that  -03  grain  (2  mgrms.)  is  about  the 
least  fatal  dose  for  an  adult  man  of  standard  weight.  This  dose 
is  equal  to  -028  mgrm.  per  kilo.,  and,  of  course,  refers  either  to 
Morson's  aconitine  or  French  aconitine,  the  alkaloid  being  taken 
by  the  mouth.  If  given  by  subcutaneous  injection,  probably  1-5 
mgrm.  would  kill,  for  the  whole  of  the  poison  is  then  thrown 
on  the  circulation  at  one  time,  and  there  is  no  chance  of  its 
elimination  by  vomiting. 

§  374.  The  lethal  dose  of  the  pure  alkaloid  being  even  approxi- 
matively  settled,  it  is  possible  to  get  a  more  exact  idea  as  to  the 
suitable  medicinal  dose  of  the  tincture  and  extract,  and  also  to 
study  more  profitably  the  "  quantitative  toxicity."  The  English 
officinal  tincture,  although  variable  in  strength,  may  for  our 
purposes  be  regarded  as  averaging  1  per  cent,  of  alkaloid — that 
is,  in  every  100  parts  by  volume  there  will  be  1  part  of  the 
alkaloid  by  weight,  and  Fleming's  tincture  may  be  considered  as 
one-third  stronger,  containing  in  every  100  parts  1"3  part  of 
alkaloid.  The  medicinal  dose  of  the  P.B.  tincture  is  laid  down 
as  from  5  to  1 5  min. — equal  to  -005  to  "01 5  grain  of  aconitine.  The 
German  pharmacopoiia  gives  the  maximum  single  dose  as  1  cc. 
(say  15  mins.),  and  the  maximum  quantity  to  be  taken  in  the 
twenty-four  hours  as  four  times  that  quantity.  As  before  stated,, 
2  mgrms.  (-030  grain)  of  aconitine  being  considered  a  fatal  dose, 
this  is  equivalent  to  about  2  cc.  (30  mins.)  of  the  P.B.  tincture, 
or  to  1-2  cc.  (20  mins.)  of  Fleming's  tincture  in  a  single  dose  ;  and 
on  these  theoretical  grounds  I  should  consider  this  dose  dan- 
gerous, and  in  the  absence  of  prompt  treatment  likely  to  be  fatal 
to  an  adult  man.  The  usual  least  fatal  dose  laid  down  in  medical 
toxicological  works,  however,  is  greater  than  this — viz.,  3-75 
cc.  (a  drachm). 

In  1863,  a  woman  took  70  minims  of  Fleming's  tincture,  and  a 
grain  of  acetate  of  morphine,  and  died  in  about  four  hours ;  but 
as  this  was  a  complex  case  of  poisoning,  it  is  not  of  much  value. 
Fifteen  minims  of  the  tincture  caused  very  serious  symptoms  in. 
the  case  of  a  woman  under  the  care  of  Dr.  Topham,*  the  effects 
*  Lancet,  July  19,  1861,  p.  56. 
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lasting  many  hours.  Probably  the  smallest  quantity  of  the 
tincture  recorded  as  having  destroyed  life  is  in  the  case  of  Dr. 
Male,  of  Birmingham.*  He  died  from  the  effects  of  eighty  drops 
taken  in  ten  doses,  extending  over  a  period  of  four  days— the 
largest  dose  at  any  one  time  being  ten  drops,  the  total  quantity 
would  perhaps  equal  -08  grain  of  aconitine. 

The  P.B.  extract  is  not  a  very  satisfactory  preparation, 
varying  much  in  strength.  It  may  be  taken  to  average  about 
•6  per  cent.,  and  if  so,  applying  the  same  reasoning  as  before, 
from  -26  to  -32  grm.  (4  to  5  grains)  would  be  a  fatal  dose.f  On 
the  other  hand,  there  is  an  alcoholic  extract  which  is  very 
powerful,  and  averages  5  per  cent,  of  aconitine :  40  mgrms. 
(•6  grain)  of  this  extract  would  be  likely  to  be  fatal.  With  regard 
to  the  root  itself,  3-8  grms.  (60  grains)  have  been  known  to 
produce  death,  and  from  the  average  alkaloidal  contents  it  is 
probable  that  -648  grm.  (10  grains)  would  be  a  highly  dangerous 
dose. 

§  375.  Effects  of  Aconitine  on  Animal  Life. — There  are  few 
substances  which  have  been  experimented  upon  in  such  a 
variety  of  ways  and  upon  so  many  classes  of  animals,  as  aconitine 
in  different  forms ;  but  there  does  not  seem  to  be  any 
essential  difference  in  the  symptoms  produced  in  different 
animals,  save  that  which  is  explained  by  the  organisation  of  the 
life-form  under  experiment. 

Insects. — I  have  recently  made  many  experiments  with  the 
active  principles  of  aconite  upon  blow-flies.  An  extract  was 
made  by  allowing  the  ordinary  tincture  to  evaporate  spon- 
taneously at  the  temperature  of  the  atmosphere.  If  a  minute 
dot  of  this  was  placed  upon  the  head  of  a  blow-fly,  absorption 
of  the  active  principle  would  take  place  in  from  fifteen  to  thirty 
minutes,  and  very  marked  symptoms  would  result.  They  con- 
sisted essentially  of  muscular  weakness,  inability  to  fly,  and  to 
walk  up  perpendicular  surfaces ;  there  was  also  in  all  cases  a 
curious  entanglement  of  the  legs,  and  very  often  extrusion  of  the 
proboscis ;  trembling  of  the  legs  and  muscular  twitchings  were 
also  frequent.  A  progressive  paralysis  terminated  in  from  four 
to  five  hours  in  death ;  the  death  was  generally  so  gradual  that 
it  was  diflSicult  to  know  when  the  event  occurred,  but  in  one 

*  Med.  Oaz.,  vol.  xxxvi,  p.  S61,  quoted  by  Taylor,  Prin.  of  Med.  Juris., 
vol.  i.,  p.  426. 

t  But  there  is  a  case  reported  by  Dr.  Vachell,  of  Cardiff,  in  -which  2 
grains  of  extract  of  aconite  taken  in  pills  proved  fatal.  Now  2  grains  is 
the  medicinal  dose,  laid  down  as  a  maximum  in  the  phannacoposia ;  a  com- 
plete revolution  is,  therefore,  necessary  in  the  use  of  these  active  remedies. 
Ko  extract  or  tincture  should  be  used  until  its  approximate  strength  in 
active  principles  is  determined. 
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case  there  Avere  violent  movements  of  the  body,  and  sudden 

death.*!  ,    ,      d  i  i 

jrish.— The  action  on  fish  has  been  studied  by  bchulz 
and  Praag.  There  is  rapid  loss  of  power  and .  diminished 
breathing;  the  respiration  seems  difficult,  and  the  fish  rapidly 

die.  . 

Reptiles— Frogs. — The  most  recent  experiment  on  frogs  are 
those  of  Plugge,  and  although  his  interpretation  of  the  pheno- 
mena in  some  points  is  different  from  that  of  previous  observers, 
the  symptoms  themselves  are,  as  might  have  been  expected,  not 
different  from  those  described  by  Achscharumow,  L.  v.  Praag, 
and  others.  As  before  mentioned,  Plugge  found  no  qualitative 
difference  in  the  action  of  any  of  the  commercial  samples  of 

*  The  more  important  physiological  researches  on  the  action  of  aconite 
are  contained  in  the  following  works  and  papers  : — 

Fleming,  A.  —  "An  inquiry  Into  the  physiological  and  medicinal  properties 
of  the  Aconitum  napellus",  to  which  are  added  observations  on  several 
other  species  of  aconite.    Svo.    Lond.,  1845. 

ScHULZ,  F.  W. — De  Aconitini  Effectu  in  Organismum  Animalum. 

V.  V-RAA.G.—Arch.  f.  Path.  Anat.,  vii.,  p.  438,  1854. 

HoTTOT,  E. — De  VAconitine  et  de  ses  Effets  Physiologiques.  4to,  Paris,  1863. 
AcHSCHARCMow. — Arcli.  f.  Anatom.  u.  Physiol.,  1866. 
BbHN. — Herzgifte,  1871. 

EwEBS,  C. —  Ueher  die  physiologischen  Wirkungen  des  aus  Aconitum  fer ox 

dargestellten    Aconitins     (Pseudoaconitin,    Aconitinum  anglicum, 

Nepalin).    Svo.    Dorpat,  1873. 
GuiLATjD. — De  VAconite  et  de  VAconitine.    4to.    Montpellier,  1874. 
Francheschini,  M.  a. — Contribution  a  I'Etude  de  V Action  Phydologique  et 

TMrapeutique  de  VAconitine.    4to.    Paris,  1875. 
Lewik. — Exp.  Untersuch.  iiber  die  Wirkung  d,  Aconitins  auf's  Herz.  Diss. 

BerUn,  1875. 

GnJLiNi,  P. — ExperimenteUe  Untersuchungen  ueher  die  WirJcung  des  Aconi- 
tins auf  das  Nervensy  stem,  das  Herz,  u.  die  Athmung.  Svo.  Brian  gen, 
1876. 

Habley,  Dr.  John.— On  the  action  and  uses  of  Aconitia.    St.  Thos. 

Hosp.  Eeports,  1874. 
Y.  ScHROFF,  C.  Jr.— Beitrag  zur  Kenntniss  des  Aconit.   Svo.    Wien,  1876. 
Plugge,  _  P.  C. — Untersuchungen  ueber  die  physiologische  Wirkung  vers- 

chiedener  Handelssorten  von  Aconitin,  u.  Pseudoaconitin  auf  Muskeln 

u.  N erven.  Virch.  Archiv,  Bd.  87,  1882 ;  S.  410. 
+  It  may  be  well  to  quote  in  full  a  typical  experiment.  Six  p.m.,  a  little 
extract  smeared  on  the  head  of  a  blow-fly.  Forty -five  minutes  after— makes 
no  attempt  to  fly,  great  muscular  weakness,  no  trembling  or  convulsive 
movements.  Fifty  miQutes  after— partial  paralysis  of  right  half  of  body,  so 
that  the  fly,  on  moving,  goes  in  a  circular  direction,  the  second  pair  of  legs 
are  curiously  bent  forward  and  useless;  the  wings  seem  fairly  strong. 
Seventy -five  minutes— fly  very  dull,  always  in  one  spot,  without  movement ; 
when  placed  on  a  horizontal  glass  surface,  and  the  glass  then  very  slowly 
inclined,  until  it  is  at  last  quite  perpendicular,  the  fly  falls.  There  is 
now  a  strange  entanglement  of  the  legs.  125  minutes— perfectly  paralysed  • 
145  minutes — dead. 
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aconitine.  This  fact  gives  the  necessary  value  to  all  the  old 
experiments,  for  we  now  know  that,  although  they  were 
performed  with  impure  or  weak  preparations,  yet  there  is 
no  reason  to  believe  that  the  symptoms  described  were  due 
to  any  other  but  the  alkaloid  aconitine  in  varying  degrees 
of  purity  or  dilution.  Frogs  show  very  quickly  signs  of  weak- 
ness in  the  muscular  power ;  the  respiration  invariably  becomes 
laboured,  and  ceases  after  a  few  minutes;  the  heart's  action 
becomes  slowed,  irregular,  and  then  stops  in  diastole.  The 
poisoned  heart,  while  still  pulsating,  cannot  be  arrested  either 
by  electrical  stimulation  of  the  vagus  or  by  irritation  of  the 
sinus,  nor  when  once  arrested  can  any  further  contraction  be 
excited  in  it.  Opening  of  the  mouth  and  apparent  efforts  to 
vomit,  Plugge  observed  both  with  RaTia  esculenta  and  Eana 
temporaria.  He  considers  them  almost  invariable  signs  of 
aconitine  poisoning.  A  separation  of  mucous  from  the  surface 
of  the_  body  of  the  frog  is  also  very  constantly  observed. 
Dilatation  of  the  pupils  is  frequent,  but  not  constant;  there 
may  be  convulsions,  both  of  a  clonic  and  tonic  character  before 
death,  but  fibrillar  twitchings  are  seldom.  (With  regard  to  the 
dose  required  to  affect  frogs,  see  ante,  pp.  337  and  338.) 

Birds. — There  is  a  discrepancy  in  the  descriptions  of  the 
action  of  aconitine  on  birds.  L.  v.  Praag  thought  the 
respiration  and  circulation  but  little  affected  at  first;  while 
Achscharumow  witnessed  in  pigeons  dyspnoea,  dilatation  of 
the  pupils,  vomiting,  shivering,  and  paresis.  It  may  be 
taken  that  the  usual  symptoms  observed  are  some  difliculty 
in  breathing,  a  diminution  of  temperature,  a  loss  of  muscular 
power  generally  (but  not  constantly),  dilatation  of  the  pupils, 
and  convulsions  before  death. 

Mammals. — The  effects  vary  somewhat  according  to  the  dose. 
Very  large  doses  kill  rabbits  rapidly.  They  fall  on  their  sides, 
are  violently  convulsed,  and  die  in  an  asphyxiated  condition ; 
but  with  smaller  doses  the  phenomena  first  observed  are 
generally  to  be  referred  to  the  respiration.  Thus,  in  an  experi- 
ment on  the  horse,  Dr.  Harley  found  that  the  subcutaneous 
administration  of  "6  mgrm.  (-01  grain)  caused  in  a  weakly  colt 
some  acceleration  of  the  pulse  and  a  partial  paralysis  of  the 
dilator  narium.  Double  the  quantity  given  to  the  same  animal 
some  time  after,  caused,  in  six  hours  and  a  half,  some  muscular 
weakness  and  an  evident  respiratory  trouble.  The  horse 
recovered  in  eighteen  hours.  2-7  mgrms.  (J^  grain)  given  in 
the  same  way,  after  a  long  interval  of  time,  caused,  at  the  end 
of  an  hour,  more  pronounced  symptoms ;  the  pulse,  at  the 
commencement  50,  rose  in  an  hour  and  a  half  to  68,  then  the 
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respiration  became  andible  and  difficult.  In  an  hour  and  three 
ruarter  there  were  great  restlessness  and  diminution  of  muscular 
p^er  Two  hours'after  the  injection  the  muscular  weakness 
Fncreased  so  much  that  the  horse  fell  down;  he  was  also 
crvulsed.  After  eight  hours  he  began  to  improve.  In  another 
explriment,  32-4  mgrms.  (J  grain)  killed  a  sturdy  entire  horse 
in^two  hours  and  twenty  minutes,  the  symptoms  commencing 
within  the  hour,  and  consisting  of  difficulty  of  breathing,  irregu- 
larity of  the  heart's  action,  and  convulsions. 

The  general  picture  of  the  effects  of  fatal,  but  not  excessive 
doses  given  to  dogs,  cats,  rabbits,  &c.,_  resembles  dosely  that 
already  described.  The  heart's  action  is  at  first  slowed,  then 
becomes  quick  and  irregular,  there  is  dyspncea,  progressive 
paralysis  of  the  muscular  power,  convulsions,  and  deatn  m 
asphyxia.  Vomiting  is  frequently  observed,  sometimes  saliva- 
tion, and  very  often  dilitation  of  the  pupil.  Sometimes  the 
latter  is  abnormally  active,  dilating  and  contracting  alternately. 
Diarrhoea  also  occurs  in  a  few  cases.  Vomiting  is  more  frequent 
when  the  poison  is  taken  by  the  mouth  than  when  administered 
subcutaneously. 

§  376.  Effects  on  Man.—l  have  collected  from  European 
medical  literature,  of  the  last  ten  years,  87  cases  of  poison- 
ing^ by  aconite  in  some  form  or  other.  These  comprise  only 
2  cases  of  murder,  7  of  suicide,  and  77  which  were  more  or. 
less  accidental.  Six  of  the  cases  were  from  the  use  of  the 
alkaloid  itself;  10  were  from  the  root;  in  2  cases  children  eat 
the  flowers ;  in  1,  the  leaves  of  the  plant  were  cooked  and  eaten 
by  mistake ;  in  7,  the  tincture  was  mistaken  for  brandy,  sherry, 
or  liqueur;  the  remainder  were  caused  by  the  tincture,  the 
liniment,  or  the  extract. 

§  377.  Poisoning  by  the  Root. — A  case  of  murder  which 
occurred  some  years  ago  in  America,  and  also  the  Irish  case 
which  took  place  in  1841  {Reg.  v.  M'ConJcey),  were,  until  the 
recent  trial  of  Lamson,  the  only  instances  among  English- 
speaking  people  of  the  use  of  aconite  for  criminal  purposes ;  but 
if  we  turn  to  the  Indian  records,  we  find  that  it  has  been  largely 
used  from  the  earliest  times  as  a  destroyer  of  human  life.  In 
1842  a  tank  of  water  destined  for  the  use  of  the  British  army  in 
pursuit  of  the  retreating  Burmese,  was  poisoned  by  intentional 
contamination  with  the  bruised  root  of  Aconitum  ferox ;  it  was 
fortunately  discovered  before  any  harm  resulted.  A  preparation 
of  the  root  is  used  in  all  the  hill-districts  of  India  to  poison 
arrows  for  the  destruction  of  wild  beasts.  A  Lepcha  described 
the  root  to  a  British  officer  as  being  "  useful  to  sportsmen  for 
destroying  elephants  and  tigers,  useful  to  the  rich  for  putting 
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WwT"?^  It^''''''  ^^y'  useful  to  jealous 

husbands  for  the  purpose  of  destroying  faithless  wives."  From 

^;^,r' w  pondered  root,  mixed  with  food,  or  the 

same  substance  steeped  m  spirituous  liquor,  is  usually  the  part 

M'Conkey's  case,  the  man's  wife 
purchased  powdered  aconite  root,  mixed  it  with  pepper,  and 
strewed  it  over  some  greens,  which  she  cooked  and  gave  to  him. 
Ihe  man  complained  of  the  sharp  taste  of  the  greens,  and  soon 
after  the  mea  vomited  and  suffered  from  purging,  became 
delirious  with  lock-jaw,  and  clenching  of  the  hands  :  he  died  in 
about  three  hours.  The  chief  noticeable  post-mortem  appearance 
was  a  bright  red  colour  of  the  mucous  membrane  of  the  stomach. 

Ihe  symptoms  m  this  case  were,  in  some  respects,  different 
irom  those  met  with  m  other  cases  of  poisoning  by  the  root  A 
typical  case  is  given  by  Dr.  Chevers  {Op.  cit.),  in  which  a  man 
had  taken  by  mistake  a  small  portion  of  aconite  root.  Immedi- 
ately after  chewing  it  he  felt  a  sweetish  taste,  followed  im- 
mediately by  tingling  of  the  lips  and  tongue,  numbness  of  the 
lace,  and  severe  vomiting.    On  admission  to  hospital  he  was 
extremely  restless,  tossing  his  limbs  about  in  all  directions  and 
constantly  changing  his  position.    He  complained  of  a  burning 
sensation  m  the  stomach,  and  a  tingling  and  numbness  in  every 
part  of  the  body,  excepting  his  legs.    The  tingling  was  specially 
marked  in  the  face  and  tongue— so  much  so  that  he  was  con- 
stantly moving  the  latter  to  and  fro  in  order  to  scratch  it  against 
the  teeth.    Retching  and  vomiting  occurred  almost  incessantly, 
and  he  constantly  placed  his  hand  over  the  cardiac  region.  His 
face  was  anxious,  the  eyes  suffused,  the  lips  pale  and  exsanguine, 
the  eye-lids  swollen,  moderately  dilated,  and  insensible  to  the 
stimulus  of  light ;  the  respiration  was  laboured,  64  in  a  minute ; 
the  pulse  66,  small  and  feeble.   There  was  inability  to  walk  from 
loss  of  muscular  power,  but  the  man  was  perfectly  conscious. 
The  stomach-pump  was  used,  and  albumen  and  milk  adminis- 
tered.   Three  and  three  quarter  hours  after  taking  the  root  the 
symptoms  were  increased  in  severity.    The  tongue  was  red  and 
swollen,  the  pulse  intermittent,  feeble,  and  slower.   The  tingling 
and  numbness  had  extended  to  the  legs.    On  examining  the 
condition  of  the  external  sensibility  with  a  pair  of  scissors,  it 
was  found  that,  on  fully  separating  the  blades  and  bringing  the 
points  in  contact  with  the  skin  over  the  arms  and  forearms,  he 
felt  them  as  one,  although  they  were  4  inches  apart.  But 
the  sensibility  of  the  thighs  and  legs  Avas  less  obtuse,  for  he 
could  feel  the  two  points  distinctly  when  they  were  4  inches 
apart,  and  continued  to  do  so  until  the  distance  between  the 
points  fell  short  of  2|  inches.    He  began  to  improve  about  the 
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ninth  hour,  and  gradually  recovered,  although  he  suffered  for 
one  or  two  days  from  a  slight  diarrhoea.  As  m  the  case  detailed 
(p.  346),  no  water  was  passed  for  a  long  time,  as  if  the  bladder 

early  lost  its  power.  .  .        -r,   i  1 1  ^.i, 

S  378  Poisoning  by  the  Alkaloid  ^comitwe.— Probably  the 
earliest  instance  on  record  is  the  case  related  by  Dr.  Goldmg 
Bird  in  1848  *  What  kind  of  aconitine  was  then  m  commerce  i 
know  not,  and  since  apparently  a  person  of  considerable  social 
rank  was  the  subject  of  the  poisoning,  the  case  has  been  im- 
perfectly reported.  It  seems,  however,  that,  whether  lor 
purposes  of  suicide,  or  experiment,  or  as  a  medicine,  two  grains 
and  a  half  of  aconitine  were  swallowed.  The  symptoms  were 
very  violent,  consisting  of  vomiting,  collapse,  and  attacks  _  ot 
muscular  spasm ;  the  narrator  describes  the  vomiting  as  peculiar. 
"  It,  perhaps,  hardly  deserved  that  title  ;  the  patient  was  seized 
with  a  kind  of  general  spasm,  during  which  he  convulsively 
turned  upon  his  abdomen,  and  with  an  intense  contraction  of 
the  abdominal  muscles,  he  jerked  out,  as  it  were,  with  a  loud 
shout  the  contents  of  his  stomach,  dependent  apparently  on 
the  sudden  contraction  of  the  diaphragm."  On  attempting  to 
make  him  swallow  any  fluid,  a  fearful  spasm  of  the  throat  was 
produced ;  it  reminded  his  medical  attendants  of  hydrophobia. 
The  patient  recovered  completely  within  twenty-four  hours. 

One  of  three  cases  reported  by  Dr.  Albert  Busscher,t  of 
poisoning  by  aconitine  nitrate,  possesses  all  the  exact  details 
of  an  intentional  experiment,  and  is  of  permanent  value  to 
toxicological  literature. 

A  labourer  of  Beerta,  sixty-one  years  of  age,  thin,  and  of 
somewhat  weak  constitution,  sufi"ered  from  neuralgia  and  a 
slight  intermittent  fever-  Dr.  Carl  Meyer  prescribed  for  his 
ailment : — 

R.  Aconiti  Nitrici,  2  grm. 

Tr.  Chenopoddii  Ajnbrosioid,  100  grms.  M.D.S. 

Twenty  drops  to  be  taken  four  "times  daily.  The  patient  was 
instructed  verbally  by  Dr.  Meyer  to  increase  the  dose  until  he 
attained  a  maximum  of  sixty  drops  per  day. 

The  doses  which  the  man  actually  took,  and  the  time  of 
taking  them,  are  conveniently  thrown  into  a  tabular  form  as 
follows  :— 

*  Lancet,  vol.  i.,  p.  14. 

t  Intoxicationsfalle  durch  Aconit'm  Nibricum  Gallicum,  nebst  Sections 
Bericht.  von  Dr.  Albert  Busscher;  Berl.  KUnische  Wochenschri/t,  1880, 
No.  24,  pp.  338,  356. 


POISONS  :    THEIR  EFFECTS  AND  DETECTION.         [§  378. 

o.  1.  March  14,   7  p.m.,  10  drops  equal  to  aconitine  nitrate,  -i  mcrm 

on  ^ 

1-G  „ 
1-G  „ 
1-6  „ 
1-6  „ 
•8  „ 

In  the  whole  seven  doses,  which  were  distributed  over  forty-eight 
hours,  he  took  9-2  mgrms.  (-14  grain)  of  aconitine  nitrate. 

_  On  taking  dose  No.  1,  he  experienced  a  feeling  of  constric- 
tion {Zicsammenziehung),  and  burning  spreading  from  the  mouth 
to  the  stomach,  but  this  after  a  little  while  subsided.  Two  hours 
afterwards  he  took  No.  2,  four  times  the  quantity  of  No.  1. 
This  produced  the  same  immediate  symptoms,  but  soon  he 
became  cold,  and  felt  very  ill.  He  had  an  anxious  oppressive 
feeling  about  the  chest,  with  a  burning  feeling  about  the  throat  ; 
the  Avhole  body  was  covered  with  a  cold  sweat,  his  sight  failed, 
he  became  giddy,  there  was  excessive  muscular  weakness,  he  felt 
as  if  he  had  lost  power  over  his  limbs,  he  had  great  difficulty  in 
breathing.  During  the  night  he  passed  no  water,  nor  felt  a 
desire  to  do  so.  About  half  an  hour  after  he  had  taken  the 
medicine,  he  began  to  vomit  violently,  which  relieved  him 
much  ;  he  then  fell  asleep. 

Dose  No.  3,  equal  as  before  to  1-6  mgrm.,  he  took  in  the 
morning.  He  experienced  almost  exactly  the  same  symptoms  as 
before,  but  convulsions  were  added,  especially  of  the  face ;  the 
eyes  were  also  prominent ;  twenty  minutes  after  he  had  taken 
the  dose,  vomiting  came  on,  after  which  he  again  felt  better. 

He  took  dose  No.  4,  and  had  the  same  repetition  of  symptoms, 
but  in  the  interval  between  the  doses  he  felt  weaker  and  weaker  ; 
he  had  no  energy,  and  felt  as  if  paralysed.  No.  5  was  taken,  and 
produced,  like  the  others,  vomiting,  after  which  he  felt  relieved. 
Neither  he  nor  his  wife  seemed  all  this  time  to  have  had  any 
suspicion  that  the  medicine  was  really  doing  harm,  but  thought 
that  the  effects  were  due  to  its  constant  rejection  by  vomiting, 
so,  in  order  to  prevent  vomiting  with  No.  6,  he  drank  much  cold 
water.  After  thus  taking  the  medicine,  the  patient  seemed  to 
fall  into  a  kind  of  slumber,  with  great  restlessness ;  about  an  hour 
and  a  half  afterwards  he  cried,  "  I  am  chilled ;  my  heart,  my  heart 
is  terribly  cold.  I  am  dying ;  I  am  poisoned."  His  whole  body  was 
covered  with  perspiration  ;  he  was  now  convulsed,  and  lost  sight 
and  hearing ;  his  eyes  were  shut,  his  lips  cracked  and  dry,  he 
could  scarcely  open  his  mouth,  and  he  was  extremely  cold,  and 
thought  he  was  dying.  The  breathing  was  difficult  and  rattling  ; 
from  time  to  time  the  muscular  spasms  came  on.    His  wife  now 
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made  a  large  quantity  of  hot  strong  black  tea,  which  she  got 
him  to  drink  with  great  difficulty ;  although  it  was  hot,  he  did 
not  know  whether  it  was  hot  or  cold.  About  five  minutes  atter- 
wards  he  vomited,  and  did  so  several  times;  this  apparently 
relieved  him,  and  he  sank  into  a  quiet  sleep ;  during  the  night 
he  did  not  urinate.  In  the  morning  the  wife  went  to  Dr.  Carl 
Meyer,  described  the  symptoms,  and  accused  the  medicine,  bo 
convinced  was  Dr.  Meyer  that  the  medicine  did  not  cause  the 
symptoms,  that  he  poured  out  a  quantity  of  the  same,  equal  to 
4  mgrms.  of  aconitine  nitrate,  and  took  it  himself  in  some  wine, 
to  show  that  it  was  harmless,  and  ordered  them  to  go  on  with 
it.  The  unhappy  physician  died  of  aconitine  poisoning  five 
hours  after  taking  the  medicine.*  In  the  meantime,  the  woman 
went  home,  and  her  husband  actually  took  a  seventh,  but  smaller 
dose,  which  produced  similar  symptoms  to  the  former,  but  of 
little  severity ;  no  more  was  taken. 

The  absence  of  diarrhoea,  and  of  the  pricking  sensations  so 
often  described,  is  in  this  case  noteworthy.  Both  diarrhoea  and 
formication  were  also  absent  in  a  third  case  reported  by  Dr. 
Busscher  in  the  same  paper. 

§  379.  The  facts  of  the  following  recent  case  are  still  fresh  in 
public  memory: — At  the  Central  Criminal  Court,  in  March,  1882, 
George  Henry  Lamson,  surgeon,  was  convicted  of  the  murder  of 
his  brother-in-law,  Percy  Malcolm  John.  The  victim  was  a 
weakly  youth  of  eighteen  years  of  age,  paralysed  in  his  lower 
limbs  from  old  standing  spinal  disease.  The  motive  for  perpe- 
trating the  crime  was  that  Lamson,  through  his  wife  (Malcolm 
John's  sister),  would  receive  on  the  death  of  his  brother-in-law 
a  sum  of  £1,.500,  and,  according  to  the  evidence,  it  is  probable 
that  there  had  been  one  or  more  previous  attempts  by  Lamson 
on  the  life  of  the  youth  with  aconitine  given  in  pills  and  in 
powders.  However  this  may  be,  on  Nov.  24,  1880,  Lamson 
purchased  2  grains  of  aconitine,  came  down  on  Dec.  3  to  the 
school  where  the  lad  was  placed,  had  an  interview  with  his 
brother-in-law,  and,  in  the  presence  of  the  head-master,  gave 
Malcolm  John  a  capsule,  which  he  filled  then  and  there  with 
some  white  powder,  presumed  at  the  time  to  be  sugar.  Lam- 
son only  stayed  altogether  twenty  minutes  in  the  house,  and 
directly  after  he  saw  his  brother-in-law  swallow  the  capsule, 
he  left.  Within  fifteen  minutes  Malcolm  John  became  unwell, 
saying  that  he  felt  as  if  he  had  an  attack  of  heart-burn,  and 
then  that  he  felt  the  same  as  when  his  brother-in-law  had 


*  The  symptoms  suffered  by  Dr.  Meyer  are  to  be  found  in  Neder. 
Tijdschri/t  van  Qeneeslcunde,  1880,  No.  16. 
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^T^^""-  ""''^'T  ^^^"^        ^  1"^^^^^  pill-   "Violent  vomiting 
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swallow.    He  was  very  restless-so   much  so  that  he  had 

dJrtT  T^^  i^j^^l^g  l^™^«lf-    There  was 

T  ^  ^^^''^^  '1"^*!^'  ^lii'^l^  took  place  about 

three  hours  and  three  quarters  after  swallowing  the  fatal  dose, 
xne  post-mortem  appearances  essentially  consisted  of  redness  of 
the  greater  curvature  of  the  stomach,  and  the  posterior  portion 
ot  the  same  organ.  In  one  part  there  was  a  little  pit,  as  if  a 
blister  had  broken;  the  rest  of  the  viscera  were  congested,  and 
the  bram  also  slightly  congested.* 

§  380.  The  symptoms  of  poisoning  by  the  tincture,  extract, 
or  other  preparation,  da  not  differ  from  those  detailed.  As 
unusual  effects,  occasionally  seen,  may  be  noted  profound  un- 
consciousness lasting  for  two  hours  (Topham's  case),  violent 
twitching  of  the  muscles  of  the  face,  opisthotonos,  and  violent 
convulsions.     It  is  important  to  distinguish  the  symptoms 
which   are   not   constant    from    those   which   are  constant, 
or  nearly  so.    The  tingling  and  creeping  sensations  about  the 
tongue,  throat,  lips,  &c.,  are   not   constant;  they  certainly 
Jiot  present  in  the  remarkable  German  case  cited  at 
p.  346.    Speaking  generally,  they  seem  more  likely  to  occur 
after  taking  the  root  or  the  ordinary  medicinal  preparations. 
A  dilated  state  of  the  pupil  is  by  no  means  constant,  and  not 
to  be  relied  upon.    Diarrhcsa  is  seen  after  taking  the  root 
or  tincture  by  the  stomach,  but  is  often  absent.    In  short, 
the  only  constant  symptoms  are  difficulty  of  breathing,  pro- 
gressive muscular  weakness,  generally  vomiting,  and  a  weak 
intermittent  pulse. 

§  381.  Physiological  Action. — Aconitine,  according  to  Dr.  S. 

*  To  these  cases  of  poisoning  by  the  alkaloid  aconitine  may  be  added 
one  recorded  in  Bouchardat's  Annuaire  de  Therajoeutie,  1881,  p.  276.  The 
case  in  itself  is  of  but  little  importance,  save  to  illustrate  the  great  danger 
in  permitting  the  dispensing  of  such  active  remedies  of  varying  strength. 
A  gentleman,  sulFeriag  from  "  angina  pectoris, "  was  prescribed  "  Hottot's 
aconitine "  in  granules,  and  directed  carefully  to  increase  the  dose  up  to 
four  granules,  according  to  the  effect  produced.  The  prescription  was  taken 
to  a  pharmacist,  who,  instead  of  supplying  Hottot's  aconitine,  supplied 
some  other  of  unknown  origin.  The  medicine  was  taken  daily,  and  the 
dose  raised  to  four  granules,  which  were  taken  with  benefit  until  the  whole 
was  exhausted.  He  then  went  to  Hottot's  estabhshment,  and  had  a  fresh 
supply,  presumably  of  the  same  substance,  but  a  veiy  little  time  after  he 
had  taken  his  usual  dose  of  four  granules,  he  sufifered  from  symptoms  of 
aconitine  poisoning,  headache,  vertigo,  feebleness  of  the  voice,  and  muscular 
weakness,  and  was  alarmingly  ill.  He  recovered  after  some  hours  of 
medical  treatment. 
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Ringer,  is  a  protoplasmic  poison,  destroying  the  functions  of  all 
nitrogenous  tissue — first  of  the  central  nervous  system,  next  of 
the  nerves,  and  last  of  the  muscles.  Aconitine  without  doubt  acts 
powerfully  on  the  heart,  ultimately  paralysing  it ;  there  is  first 
a  slowing  of  the  pulse,  ascribed  to  a  central  excitation  of  the 
vagus,  then  a  quickening  due  to  paralysis  of  the  peripheral 
termination  of  the  vagus  in  the  heart ;  lastly,  the  heart's  action 
becomes  slow,  irregular,  and  weak,  and  the  blood-pressure  sinks. 
The  dyspnoea  and  convulsions  are  the  usual  result,  seen  among 
all  warm-blooded  animals,  of  the  heart  affection.  Plugge  found 
that  the  motor  nerves,  and  more  especially  their  intra-muscular 
terminations,  were  always  paralysed  ;  but  if  the  dose  was  small 
the  paralysis  might  be  incomplete.  Bcehm  and  Wartmann,  on 
the  other  hand,  considered  that  the  motor  paralysis  had  a  central 
origin,  a  view  not  supported  by  recent  research.  The  action  of 
aconitine  in  this  way  resembles  curare.  The  muscles  them- 
selves preserve  their  irritability,  even  after  doses  of  aconitine 
which  are  five  to  ten  times  larger  than  those  by  which  the  nerve 
terminations  are  paralysed. 

§  382.  Post-mortem  Appearances. — Among  animals  (mammals) 
the  appearances  most  constantly  observed  have  been  hypersemia 
of  the  cerebral  membranes  and  brain,  a  fulness  of  the  large 
veins,  the  blood  generally  fluid — sometimes  hypersemia  of  the 
liver,  sometimes  not.  When  aconitine  has  been  administered 
subcutaneously,  there  have  been  no  inflammatory  appearances 
in  the  stomach  and  bowels. 

In  the  case  of  Dr.  Carl  Meyer,  who  died  in  five  hours  from 
swallowing  4  mgrms.  of  aconitine  nitrate,  the  corpse  was  of  a 
marble  paleness,  the  pupils  moderately  dilated.  The  colour  of 
the  large  intestine  was  pale ;  the  duodenum  was  much  congested, 
the  congestion  being  most  intense  the  nearer  to  the  stomach  ' 
the  mucous  membrane  of  the  stomach  itself  was  strongly  hyper- 
jemic,  being  of  an  intense  red  colour ;  the  spleen  was  enlarged, 
filled  with  much  dark  blood.  The  liver  and  kidneys  were  deeply 
congested,  the  lungs  also  congested ;  the  right  ventricle  of  the 
heart  was  distended  with  blood ;  in  the  pericardium  there  was  a 
quantity  of  bloody  serum.  The  brain  was  generally  blood-red  • 
in  the  cerebral  hemispheres  there  were  several  large  circum- 
scribed subarachnoid  extravasations.  The  substance  of  the 
brain  on  section  showed  many  red  bloody  points. 

In  a  case  recorded  by  Taylor,  in  which  a  man  died  in'  three 
hours  from  eating  a  small  quantity  of  aconitine  root,  the  only 
morbid  appearance  found  was  a  slight  reddish-brown  patching 
the  cardiac  end  of  the  stomach,  of  the  size  of  half  a  crown  •  alt 
the  other  organs  being  healthy.  ' 
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§  383.  Separation  of  the  Aconite  Alkaloids.— It  would  appear 
certain  that  in  all  operations  for  the  separation  of  aconite 
alkaloids  (whether  from  the  organic  matters  which  make  up  the 
plant,  or  from  those  constituting  animal  tissues),  mineral  acids 
and  a  high  heat  should  be  avoided.  A  modification  of  M. 
Duquesnel's  process  of  isolation  is  best — viz.,  extraction  by 
alcohol,  feebly  acidulated  with  tartaric  acid  ;  evaporation  of  the 
extract  at  temperatures  not  exceeding  60° ;  re-solution  of  the 
extract  in  water;  agitation  of  the  acid  liquid  with  ether  to 
remove  impurities  ;  and,  finally,  precipitation  by  sodium  bicar- 
bonate. Any  precipitate  should  be  crystallised,  if  possible, 
several  times  from  ether  and  petroleum,  and  lastly,  converted 
into  an  acid  oxalate,  and  regenerated  from  the  oxalate  by  repre- 
cipitation  with  carbonate  of  soda ;  or,  if  the  alkaloid  sought  is 
derived  from  A.ferox,  the  purification  appears  best  affected  by 
conversion  of  pseudaconitine  into  nitrate  (the  nitrate  of  pseud- 
aconitine  is  almost  insoluble  in  nitric  acid  containing  8  to  10  per 
cent,  of  HNOg),  and  from  the  nitrate  the  alkaloid  may  be  re- 
generated by  sodic  carbonate. 

In  this  way  it  is  possible  (should  any  of  the  preparations  of 
aconite,  or  the  root  itself,  have  been  taken)  to  isolate  a 
more  or  less  minute  portion  of  an  alkaloid,  which,  if  applied 
to  the  skin,  causes  local  antesthesia.  If  a  minute  quantity 
is  rubbed  on  the  lip,  or  placed  on  the  tongue,  it  will 
cause  tingling  and  numbness.  ,  In  order  to  be  personally 
acquainted  with  this  feeling,  the  tincture  (or  the  liniment  of 
aconite)  can  be  tried  in  the  same  way,  and  the  sensations 
compared. 

The  chemical  examination  in  the  Lamson  case  was  entrusted  to 
Dr.  Stevenson,  assisted  by  Dr.  Dupre,  and  was  conducted  on  the 
principles  detailed.  The  contents  of  the  stomach  were 
treated  Avith  alcohol,  and  digested  at  the  ordinary  tem- 
perature of  the  atmosphere ;  the  contents  were  already 
acid,  so  no  acid  in  this  first  operation  was  added. 
The  mixture  stood  for  two  days  and  was  then  filtered. 
The  insoluble  portion  was  now  exhausted  by  alcohol,  faintly 
acidulated  by  tartaric  acid,  and  warmed  to  60° ;  cooled  and 
filtered,  the  insoluble  part  being  washed  again  with  alcohol.  The 
two  portions — that  is,  the  spirituous  extract  acid  from  acids 
pre-existing  in  the  contents  of  the  stomach,  and  the  alcohol 
acidified  by  tartaric  acid — were  evaporated  down  separately,  and 
then  were  exhausted  by  absolute  alcohol,  the  solutions  filtered, 
and  dissolved  in  water.  The  two  aqueous  solutions  were 
now  mixed,  and  shaken  up  with  ether,  which,  as  the  solution 
was  acid,  would  not  remove  any  alkaloid,  but  might  remove 
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various  impurities;  the  residue,  after  being  thus  partially 
purified  by  ether,  was  alkalised  by  sodic  carbonate,  and  the 
alkaloid  extracted  by  a  mixture  of  chloroform  and  ether.  On 
evaporation  of  the  chloroform  and  ether,  the  resulting  extract 
was  tested  physiologically  by  tasting,  and  also  by  injections  into 
mice.  By  means  analogous  to  those  detailed,  the  experts  isolated 
aconitine  from  the  vomit,  the  stomach,  liver,  spleen,  and  urine, 
and  also  a  minute  quantity  of  morphine,  which  had  been  admin- 
istered to  the  patient  to  subdue  the  pain  during  his  fatal  attack. 
When  tasted,  the  peculiar  numbing,  tingling  sensation  lasted 
many  hours.  These  extracts  were  relied  upon  as  evidence,  for 
their  physiological  elfect  was  identical  with  that  produced  by 
aconitine.  For  example,  the  extract  obtained  from  the  urine 
caused  symptoms  to  commence  in  a  mouse  in  two  minutes,  and 
death  in  thirty  minutes,  and  the  symptoms  observed  by  injecting 
a  mouse  with  known  aconitine,  coincided  in  every  particular  with 
the  symptoms  produced  by  the  extraction  from  the  urine. 

In  our  present  state  of  knowledge,  the  identification  of  the 
active  principle  of  the  aconites  must  rest  almost  entirely  upon 
physiological  evidence,  for  though  the  substance  must  be 
isolated  and  identified  as  an  alkaloid,  yet  the  chemical 
tests  (such  as  that  it  strikes  a  red  colour  with  sugar  and 
sulphuric  acid,  and  a  violet  when  stirred  up  with  some  drops 
of  syrupy  phosphoric  acid,  and  heated  for  fifteen  minutes  on 
the  water-bath)  are  not  to  be  relied  upon.  If  they  were,  they 
are  deficient  in  delicacy.  J.  H.  Munro*  poisoned  a  sparrow 
with  -1  grain  of  aconite  root ;  it  died  within  an  hour ;  nearly 
all  the  root  was  found  in  the  gizzard,  very  little  being  left 
in  the  crop.  The  contents  of  the  crop  and  gizzard  were  mixed, 
and  a  separation  of  the  alkaloid  was  attempted  quite  in  the 
manner  recommended  above.  The  ultimate  extract  dissolved 
in  a  few  drops  of  water,  did  not  respond  either  to  the  taste  or 
to  any  chemical  test ;  yet  some  bread-crumbs  soaked  in  the 
solution,  and  administered  to  a  tom-tit,  killed  the  bird  within 
two  or  three  hours. 

With  regard  to  the  manner  of  using  "  life  tests,"  since  in  most 
cases  extremely  small  quantities  of  the  active  principle  will  have 
to  be  identified,  the  choice  is  limited  to  small  animals,  and  it  is 
better  to  use  mice  or  birds,  rather  than  reptiles.  In  the  Lamson 
case,  subcutaneous  injections  were  employed,  but  it  is  a  question 
Avhether  there  is  not  less  error  in  administering  it  by  the  mouth. 
If  two  healthy  mice  are  taken,  and  the  one  fed  with  a  little 
meal,  to  which  a  weighed  quantity  of  the  extract  under  experi- 


*  Chem.  News.,  vol.  xlv,,  p.  110. 
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ment  has  been  added,  while  to  the  other  some  meal  mixed  with 
a  supposed  equal  dose  of  aconitine  is  given,  then  the  symptoms 
may  be  compared ;  and  several  objections  to  any  operative  pro- 
ceeding on  such  small  animals  are  obviated.  It  is  certain  that 
any  extract  which  causes  distinct  numbness  of  the  lips  will 
contain  enough  of  the  poison  to  kill  a  small  bird  or  a  mouse  if 
administered  in  the  ordinary  way.* 


VI.  THE  MYDRIATIC  GROUP  OF  ALKALOIDS— 
ATROPINE— HYOSOYAMINE—SOLANINE— 
OYTISINE. 

1.  ATROPINE. 

§  384.  Atropine  (Baturine),  Oj^HggNOg. — This  important  alkar 
loid  has  been  found  in  all  parts  of  the  Atropa  belladonna,  or 
deadly  nightshade,  and  in  all  the  species  of  Datura. 

§  385.  The  Atrojoa  belladonna  is  indigenous,  and  may  be  found 
in  some  parts  of  England,  although  it  cannot  be  said  to  be  very 
common.  It  belongs  to  the  Solanaceoi,  and  is  a  herbaceous  plant 
with  broadly  ovate  entire  leaves,  and  lurid-purple  axillary 
flowers  on  short  stalks  ;  the  berries  are  violet-black,  and  the 
Avhole  of  the  plant  is  highly  poisonous.  The  juice  of  the 
leaves  stains  paper  a  purple  colour.  The  seeds  are  very  small, 
kidney-shaped,  weighing  about  90  to  the  grain;  they  are 
covered  closely  with  small,  round  projections,  and  are  easUy 
identified  by  an  expert,  who  may  be  supposed  to  have  at 
hand  (as  is  most  essential)  samples  of  different  poisonous 
seeds  for  comparison.  The  nightshade  owes  its  poisonous  pro- 
perties to  ai5ro^rae.  „   ,  J-  4. 

The  yield  of  the  different  parts  of  belladonna,  according  to 

Gunther,t  is  as  follows  : — 

*  Dr  A  Laussuard  has  described  a  species  of  aconite  root,  named  by  the 
TaTimese  kilsa-usu.  From  his  experiments  on  frogs  and  rabbits,  its  physio- 
Kcal  action  seems  not  to  differ  from  that  of  aconitine  generaUy  Ueher 

WerMestimmung  einiger  StarJcwirJcmden  Drogum.  St.  Petersburg, 
1874.  ' 


§  386.] 


ATROPINE. 


353 


TABLE  XY.— BELLADONNA— A-LKkl.OlT)KL  CONTENT  OF 
VARIOUS  PARTS  OF  THE  PLANT, 


Quantity  of  Alkaloids  in  the 
Freati  Substance,  per  cent. 

Quantity  of  Alkaloids  in  the 
Dry  Substance,  per  cent. 

(a.)  By 
Weighing. 

(6.)  By 
Titration. 

(a.)  By 
■Weighing. 

(6.)  By 
Titration. 

Leaves, 

0-2022 

0-20072 

0-838 

0-828 

0-0422 

0-146 

Ripe  fruit. 

0-2128 

0-20258 

0-821 

0-805 

Seed, 

0-26676 

0-407 

Unripe  fruit. 

0-1870 

0-1930 

0-955 

0-955 

Root, 

0  0792 

0-210 

Atropine  appears  to  exist  in  the  plant  in  combination 
with  malic  acid.  According  to  a  research  by  Ladenburg,  hyoscy- 
amine  is  associated  with  atropine,  both  in  the  Belladonna  and 
Datura  plants.* 

§  386.  The  Datura  Stramonium  or  Tliorn-A'p'ple  is  also 
indigenous  in  the  British  Islands,  but  like  belladonna,  it 
cannot  be  considered  a  common  plant.  Datura  belongs  to  the 
Solanaceffi,  it  grows  from  one  to  two  feet  in  height,  and  is  found 
in  waste  places.  The  leaves  are  smooth,  the  flowers  white  ; 
the  fruit  is  densely  spinous  (hence  the  name  thorn-apple),  and  is 
divided  into  four  dissepiments  below,  two  at  the  top,  and 
containing  many  seeds. 

The  Datura,  or  the  Z'/tciiura-plants,  of  India  have  in  that 
country  a  great  toxicological  significance,  the  white-flowered 
datura,  or  Datura  alha,  growing  plentifully  in  waste  places, 
especially  about  Madras.  The  purple-coloured  variety,  or 
Datura  fastuosa,  is  also  common  in  certain  parts.  There  is 
a  third  variety,  the  Datura  atrox,  found  about  the  coast  of 
Malabar.  The  seeds  of  the  white  datura  have  been  mistaken 
in  India  for  those  of  capsicum.  The  following  are  some  of 
the  most  marked  difierences  : — 

*  Ber.  d.  Dmtsch.  Ghem.  Ges.,  Bd,  13. 
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Seeds  op  the  Common  or 
White  Datura. 

(1.^  Outline  angular. 

(2.)  Attached  to  the  placenta 
by  a  large,  white,  fleshy  mass 
separating  easily,  leaving  a 
deep  furrow  along  half  the 
length  of  the  seed's  concave 
border. 

(3.)  Surface  scabrous,  almost 
reticulate,  except  on  the  two 
compressed  sides,  where  it  has 
become  almost  glaucous  from 
pressure  of  the  neighbouring 
seeds. 

(4.)  Convex  border  thick  and 
bulged,  with  a  longitudinal 
depression  between  the  bulg- 
ings,  caused  by  the  compres- 
sion of  the  two  sides. 

(5.)  A  suitable  section  shows 
the  embryo  curved  and  twisted 
in  the  fleshy  albumen. 

(6.)  The  taste  of  the  datura 

seeds    is   very   feebly  bitter. 

The  watery  decoction  causes 
dilatation  of  the  pupil. 


[§  387. 


Seeds  op  Capsicum. 

Outline  rounded. 

Attached  to  the  placenta  by 
a  cord  from  a  prominence  on 
the  concave  border  of  the  seed. 


Uniformly  scabrous,  the  sides 
being  equally  rough  with  the 
borders. 


Convex  border  thickened, 
but  uniformly  rounded. 


The  embryo,  exposed  by  a 
suitable  section,  is  seen  to 
resemble  in  outline  very  closely 
the  figure  6. 

The  taste  of  capsicum  is 
pungent;  a  decoction  irritates 
the  eye  much,  but  does  not 
cause  dilatation  of  the  pupil. 


The  identity  of  the  active  principle  in  both  the  datura  and 
belladonna  tribes  is  now  completely  established.* 

387.  Pharmaceutical  Preparations — (a.)  Belladonna. — The 
various  pharmaceutical  preparations  are: — The  leaves,  root, 
extract  of  the  leaves,  an  ointment  and  a  plaster  made  with  the 
extract,  a  tincture  of  the  leaves,  a  liniment  (which  is  practically 
a  tincture  of  the  root,  flavoured  with  camphor),  atropine  itself,  a 
weak  alcoholic  solution  of  atropine  (-83  per  cent.),  an  ointment 
of  atropine  (1-66  per  cent.),  the  sulphate  of  atropine,  and,  lastly, 
a  solution  of  sulphate  of  atropine  (-83  per  cent.) 

ib.)  Stramonium. — An  extract  of  the  seeds  is  ofiicinal  in 
Britain.  On  the  Continent  there  is  an  Extractum  cum 
dextrmo:    In  the  former  1-621  to  1-88  per  cent,  of  atropine  has 


*  See  a  recent  research  by  Ernst  Sclimidt,  Uthtr  die.  AUcaloide  der 
Belladonna- Wurzel  u.  des  Stechapfel-Samens.    Lieh.  Annl,  Bd.  208,  ISSl. 
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been  found ;  in  the  latter  -9  per  cent.  The  alkaloidal  content 
of  the  seeds  varies  extremely  •  hence,  extracts  of  the  seeds 
must  likewise  vary.  The  B.P.  Tincture  of  Stramonium  is 
made  by  exhausting  2|  oz.  of  stramonium  seeds  by  20  fl.  ozs. 
of  proof  spirit.  Stahl  found  in  Tincture  of  Stramonium  -066 
per  cent. ;  Mayer,  -063  per  cent.,  of  atropine.    {Dragendorff.) _ 

It  would  appear  that  most  of  the '  pharmaceutical  preparations 
can  be  titrated  by  adding  Mayer's  reagent  (diluted  one-half)  to 
an  acid  aqueous  solution  of  the  active  principle,  each  cc.  being 
equal  to  6-25  mgrms.  of  atropine,  when  a  solution  of  the  approxi- 
mate strength  of  1  :  500  is  operated  upon.  Or  the  alkaloid  may 
be  precipitated  by  the  undiluted  Mayer's  reagent,  the  precipitate 
collected  on  a  filter,  washed  with  water,  and  dissolved  in  alcohol 
of  90  to  95  per  cent.  The  alcoholic  solution  is  then  evaporated 
and  the  residue  weighed  :  it  contains  44*9  per  cent,  of  atropine.* 

§  388.  Properties  of  Atropine. — Atropine  (O^^IIgglSrOg)  forms 
colourless  crystals  (mostly  in  groups  or  tufts  of  needles  and 
prisms),  which  are  heavier  than  water,  and  possess  no  smell, 
but  an  unpleasant,  long-enduring,  bitter  taste.  The  experiments 
of  E.  Schmidt  place  the  melting  point  between  115°  and  115'5°. 
It  is  said  to  sublime  scantily  in  a  crystalline  form,  but  the  writer 
has  been  unable  to  obtain  any  crystals  by  sublimation ;  faint 
mists  collect  on  the  upper  disc,  at  about  123°,  but  they  are  perfectly 
amorphous. 

Its  reaction  is  alkaline;  one  part  requires,  of  cold  water,  300; 
of  boiling,  58 ;  of  ether,  30 ;  of  benzene,  40 ;  and  of  chloroform, 
3  parts  for  solution.  In  alcohol  and  amyl  alcohol  it  dissolves  in 
almost  every  proportion.  It  turns  the  plane  of  polarisation 
weakly  to  the  left. 

Atropine  mixed  with  nitric  acid  exhibits  no  change  of  colour. 
The  same  is  the  case  with  concentrated  sulphuric  acid  in  the 
cold ;  but  on  heating,  there  ensues  the  common  browning,  with 
development  of  a  peculiar  odour,  likened  by  Gulielmo  to  orange 
flowers,  by  Dragendorff  to  the  flowers  of  the  Prunus  padus, 
and  by  Otto  to  the  Spircea  ulmaria — a  sufiicient  evidence  of  the 
untrustworthiness  of  this  as  a  distinctive  test.  The  odour, 
indeed,  with  small  quantities,  is  certainly  not  powerful,  nor  is  it 
strongly  suggestive  of  any  of  the  plants  mentioned.  A  far  more 
intense  odour  is  given  off"  if  a  speck  of  atropine  is  evaporated  to 
dryness  with  a  few  drops  of  strong  solution  of  baryta,  and  heated 
strongly ;  the  scent  is  decidedly  analogous  to  that  of  hawthorn- 
blossom,  and  unmistakably  agreeable. 

By  the  action  of  fuming  hydrochloric  acid,  or  that  of  caustic 


*  Dragendorflf,  Op.  cit. 
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alkalies,  atropine  is  decomposed  into  tropine  (CgHi.NO)  and 
tropic  acid  (CgH,„03).*  Tropine  is  a  white!  crystalline,  stronrfy 
alkaline  mass,  melting  at  60°,  and  volatilising  at  230°  unde- 
composed.  It  is  soluble  in  water,  alcohol,  and  ether,  and  ^ives 
precipitates  with  tannic  acid,  iodised  hydriodic  acid,  Mayer's 
reagent,  gold  chloride,  and  mercuric  chloride.  Tropine  gold  chloride 
Tio\  iJ}^  212°.  Atropic  acid  (0,H30,),  milting  point 
196  to  200  ,  and  isatropic  acid  (OgHgOg),  may  also  be  obtained  by 
the  action  of  hydrochloric  acid— the  first,  in  radiating  crystals, 
melting  at  106°,  and  capable  of  distillation;  the  second,  in  thin 
rhombic  plates,  melting  about  200°,  and  not  volatile.  Carbazotic 
acid  also  gives  a  precipitate  of  beautiful  plates.  To  obtain  this 
the  carbazotic  acid  must  be  in  excess,  and  time  must  be  <^iven 
for  the  precipitate  to  form,  * 

A  solution  of  iodine  in  potassic  iodide  gives  a  precipitate  in 
the  dilution  of  even  1  :  10000.  The  precipitate  which  atropine 
gives  with  chloride  of  gold  is  in  the  form  of  rosettes,  or  needles  ■ 
its  composition  is  Oi^HagNOgHOl  +  AuOlg ;  melting  point,  136° 
to  138°.  On  heating  it  in  water,  the  crystals  change  to  oily 
masses.  If  platinum  chloride  is  added  to  atropine,  there  is  no 
immediate  precipitate,  but,  after  long  standing,  monoclinic 
crystals  of  a  platinum  compound  form :  they  have  the  com- 
position (O17H23NO3,  HC1)2  +  PtOl^.t 

Such  are  the  chief  chemical  characteristics  of  the  pure  sub- 
stance, but  the  analyst  separates  minute  quantities  of  atropine 
from  the  tissues  of  the  body  in  an  amorphous  form,  and  he  will 
find  it  diflicult  to  obtain  any  crystalline  compound  whatever. 

§  389.  Tests. — According  to  Vidali,  if  atropine,  or  one  of  its 
salts,  is  covered  with  a  little  fuming  nitric  acid,  dried  up  on  the 
water-bath,  and  when  cold  moistened  with  a  drop  of  potassa 
dissolved  in  absolute  alcohol,  a  violet  colour  is  instantly  pro- 
duced, and  soon  passes  into  a  fine  red.  Only  the  violet  colour 
is  characteristic,  as  strychnine  also  gives  a  beautiful  red  colour 
if  similarly  treated.  According  to  the  author,  0-000001  grm.  of 
atropine  sulphate  can  thus  be  detected.  None  of  the  other 
important  alkaloids  give  a  similar  reaction. 

The  most  reliable  test  is  the  physiological  action  on  the  pupil 
of  the  eye,  a  solution  of  atropine,  even  when  so  weak  as 
1  :  130000,  dilating  the  iris.  This  action  on  the  iris  has  been 
studied  by  Iluyter,^  Bonders,  and  Von  Graefe.§    It  is  entirely 

*  The  reaction  raay  be  represented  thus — C17H23NO +  3H20  =  C8Hi5NO 
+  C9H10O3. 

+  Careful  measurements  of  the  angles  of  the  crystals  of  the  i^latinum 
compound  are  to  be  found  in  Schmidt's  paper. — Op.  cit. 

X  De  Actione  Atropce  Belladonnce  in  Iridem.    Traj.  ad  Bhen.,  1852. 
§  Von  Graefe,  Arch.  Oj)tlMl.,  ix.,  262,  1864. 
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a  local  action,  taking  effect  when  in  dilute  solution  only  on  the 
eye  to  which  it  has  been  applied ;  and  it  has  been  produced  on 
the  eyes  of  frogs,  not  only  in  the  living  subject,  but  after  the 
head  has  been  severed  from  the  body  and  deprived  of  bram. 
The  thinner  the  cornea,  the  quicker  the  dilatation ;  therefore, 
the  youncrer  the  person  or  animal,  the  more  suitable  for  experi- 
ment.   In  frogs,  with  a  solution  of  1  :  250,  dilatation  commences 
in  about  five  minutes ;  in  pigeons,  seven  minutes  ;  and  m  rabbits, 
ten  minutes.    In  man,  a  solution  of  1  :  120  commences  to  act  m 
about  six  to  seven  minutes,  reaches  its  highest  point  in  from  ten 
to  fifteen  minutes,  and  persists  more  or  less  for  six  to  eight  days. 
A  solution  of  1  :  480  acts  first  in  fifteen  to  twenty  minutes,  and 
reaches  its  greatest  point  in  twenty  minutes  ;  a  solution  of 
1  :  48000  requires  from  three-quarters  of  an  hour  to  an  hour  to 
show  its  effect.     Dog^  and  cats  are  far  more  sensible  to  its 
influence  than  man,  and  therefore  more  suitable  for  experiment. 
If  the  expert  chooses,  he  may  essay  the  proof  upon  himself, 
controlling  the  dilatation  by  Calabar  bean;  but  it  is  seldom 
necessary  or  advisable  to  make  personal  trials  of  this  nature.* 

§  390.  Statistics  of  Atropine  Poisoning. — Since  atropine  is  the 
active  principle  of  belladonna  and  datura  plants,  and  every 
portion  of  these — root,  seeds,  leaves,  and  fi-uit— has  caused  toxic 
symptoms,  poisoning  by  any  part  of  these  plants,  or  by  their 
pharmaceutical  or  other  preparations,  may  be  considered  with 
strict  propriety  as  atropine  poisoning.  Our  English  death 
statistics  for  the  five  years  ending  1880,  record  37  deaths 
(23  males  and  14  females)  from  atropine  (for  the  most  part 
registered  under  the  head  of  belladona) ;  8  (or  21-6  per  cent.) 
were  suicidal,  the  rest  accidental. 

The  greatest  number  of  the  accidental  cases  arise  from  mis- 
takes in  pharmacy ;  thus,  belladonna  leaves  have  been  supplied 
for  ash-leaves ;  the  extract  of  belladonna  has  been  given  instead 
of  extract  of  juniper ;  the  alkaloid  itself  has  been  dispensed  in 
mistake  for  theine ;  f  a  more  curious  and  marvellously  stupid 
mistake  is  one  in  which  it  was  dispensed  instead  of  assafoetida 
(Schauenstein,  Op.  cit,  p.  652).  Further,  valerianate  of  atropine 
has  been  accidentally  substituted  for  quinine  valerianate,  and 
Schauenstein  relates  a  case  in  Avhich  atropine  sulphate  was  ad- 

*  A.  Ladenburg  (Comjiit.  Rend.,  90,  92),  having  succeeded  in  reproducing 
atropine  by  heating  tropins  and  tropic  acid  with  hydrochloric  acid,  by 
substituting  various  organic  acids  for  the  tropic  acid,  has  obtained  a  whole 
series  of  compounds  to  which  he  has  given  the  name  of  tropeines.  One  of 
these,  hydroxytolnol  (amygdaiic)  tropeine,  he  has  named  homalropine.  It 
dilates  the  pupil,  but  is  leas  poisonous  than  atropine. 

t  Hohl,  De  EJ)ectu  Atropini.  Diss.  Jhdle,  1863. 


358  poisons:  their  effects  and  detection.  [§391. 

ministered  subcutaneously  instead  of  morphine  sulphate  :  but  the 
result  was  not  lethal.  Many  other  instances  might  be  cited. 
Ihe  extended  use  of  atropine  as  an  external  application  to  the 
eye_  naturally  gives  rise  to  a  few  direct  and  indirect  accidents 
berious  symptoms  have  arisen  from  the  solution  reaching  the 
pharynx  through  the  lachrymal  duct  and  nose.  A  curious  in- 
direct poisoning,  caused  by  the  use  of  atropine  as  a  coUyrium, 
IS  related  by  Schauenstein.*  A  person  suffered  from  all  the 
symptoms  of  atropine  poisoning ;  but  the  channel  by  which  it 
had  obtained  access  to  the  system  was  a  great  mystery,  until  it 
was  traced  to  some  coffee,  and  it  was  then  found  that  the  cook 
had  strained  this  coffee  through  a  certain  piece  of  linen,  which 
had  been  used  months  before,  soaked  in  atropine  solution,  as  a 
coUyrium,  and  had  been  cast  aside  as  of  no  value. 

§  391.  Accidental  and  Criminal  Poisoning  by  Atropine.  Ex- 
ternal applications  of  atropine  are  rapidly  absorbed— e.y.,  if  the 
foot  of  a  rat  be  steeped  for  a  little  while  in  a  solution  of  the 
alkaloid,  and  the  eyes  watched,  dilatation  of  the  pupils  will  soon 
be  observed.  If  the  skin  is  broken,  enough  may  be  s^bsorbed  to 
cause  death.  A  case  is  on  record  in  which  -21  grm.  of  atropine 
sulphate,  applied  as  an  ointment  to  the  abraded  skin,  was  fatal,  t 
Atropine  has  also  been  absorbed  from  the  bowel ;  in  one  case,  a 
clyster  containing  the  active  principles  of  6-2  grms.  (80  grains) 
of  belladonna  root  was  administered  to  a  woman  twenty-seven 
years  of  age,  and  caused  death.  Allowing  the  root  to  have  been 
carefully  dried,  and  to  contain  -21  per  cent,  of  alkaloid,  it  would 
seem  that  so  little  as  10-9  mgrms.  (-16  grain)  may  even  prove 
fatal,  if  left  in  contact  with  the  intestinal  mucous  membrane. 
Belladonna  berries  and  stramonium  leaves  and  seeds  are  eaten 
occasionally  by  children.  A  remarkable  series  of  poisonings  by 
belladonna  berries  occurred  in  London  during  the  autumn  of 
1846. 

Criminal  poisoning  by  atropine  in  any  form  is  of  excessive 
rarity  in  Europe  and  America,  but  in  India  it  has  been  fright- 
fully prevalent.  In  all  the  Asiatic  cases  the  substance  used  has 
been  one  of  the  various  species  of  datura,  and  mostly  the  bruised 
or  ground  seeds,  or  a  decoction  of  the  seeds.  In  120  cases  re- 
corded in  papers  and  works  on  Indian  toxicology,  I  find  no  less 
than  63  per  cent,  of  the  cases  criminal,  19  per  cent,  suicidal,  and  18 
per  cent;  accidental.  In  noting  these  figures,  however,  it  must  be 
borne  in  mind  that  known  criminal  cases  are  more  certain  to  be 
recorded  than  any  other  cases.  The  drug  has  been  known  under 
the  Sanscrit  name  of  dhatoora  by  the  Hindoos  from  most  remote 


*  Maschka's  Handbuch. 


t  Ploss,  Zeitsclir:/.  Chh:,  1863. 
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times  It  was  largely  used  by  the  Thugs,  either  for  the  purpose 
of  stupifying  their  victim  or  for  killing  him ;  by  loose  wives  to 
ensure  for  a  time  the  fatuity  of  their  husbands :  and,  lastly,  it 
seems  in  Indian  history  to  have  played  the  peculiar  role  of  a 
state  agent,  and  to  have  been  used  to  induce  the  idiocy  or  in- 
sanity of  persons  of  high  rank,  whose  mental  integrity  was 
considered  dangerous  by  the  despot  in  power.  The  Hindoos,  by 
centuries  of  practice,  have  attained  such  dexterity  m  the  use  of 
the  "  datura  "  as  to  raise  that  kind  of  poisoning  to  an  art,  so  that 
Dr.  Ohevers,  in  his  "  Medical  Jurisprudence  for  India,"  *  de- 
clares that  "  there  appears  to  be  no  drug  known  in  the  present 
day  which  represents  in  its  effects  so  close  an  approach  to  the 
system  of  slow  poisoning,  believed  by  many  to  have  been  prac- 
tised in  the  Middle  Ages,  as  does  the  datura." 

§  392.  Fatal  Dose. — It  is  impossible  to  state  with  precision  the 
exact  quantity  which  may  cause  death,  atropine  being  one  of 
those  substances  whose  effect,  varying  in  different  cases,  seems 
to  depend  on  special  constitutional  tendences  or  idiosyncracies 
of  the  individual.  Some  persons  take  a  comparatively  large 
amount  with  impunity,  while  others  scarcely  bear  a  very 
moderate  dose  without  exhibiting  unpleasant  symptoms.  Eight 
mgrms.  grain)  have  been  known  to  produce  poisonous  symp- 
toms, and  -129  grm.  (2  grains)  death.  We  may  therefore  infer 
that  about  -0648  grm.  (1  grain)  would,  unchecked  by  remedies, 
probably  act  fatally ;  but  very  large  doses  have  been  recovered 
from,  especially  when  treatment  has  been  prompt. 

Atropine  is  used  in  veterinary  practice,  from  32-4  to  64-8 
mgrms.  (|  to  1  grain)  and  more  being  administered  subcuta- 
neously  to  horses;  but  the  extent  to  which  this  may  be  done  with 
safety  is  not  yet  established. 

§  393.  Action  on  Animals. — The  action  of  atropine  has  been 
studied  on  certain  beetles,  on  reptiles  (such  as  the  salamander, 
triton,  frogs,  and  others),  on  guinea  pigs,  hedgehogs,  rats,  rabbits, 
fowls,  pigeons,  dogs,  and  cats.  Among  the  mammalia  there  is 
no  essential  difference  in  the  symptoms,  but  great  variation  in 
the  relative  sensibility  ;  man  seems  the  most  sensitive  of  all, 
next  to  man  come  the  carnivora,  while  the  herbivora,  and 
especially  the  rodents,  offer  a  considerable  resistance.  According 
to  Falck  the  lethal  dose  for  a  rabbit  is  at  least  '79  mgrm.  per  kilo. 
It  is  the  general  opinion  that  rabbits  may  eat  sufficient  of  the 
belladonna  plant  to  render  their  flesh  poisonous,  and  yet  the 
a,nimals  themselves  may  show  no  disturbance  in  health ;  but  this 

*  Dr.  Chever's  work  contains  a  very  good  history  of  datura  crimioal- 
poisoning. 
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the' hTf ^  established.    Speaking  very 
Si?bi  it;  tn  ?  ^       the  ammal  organisation,  the  greater  the 

Accordtt  t  ir''^'-  T  ^  P^^^li^r  manner. 

According  to  the  researches  of  Eraser,*  the  animal  is  first 
paralysed,  and  some  hours  after  the  administration  of  the  pohon 
1  es  motionless,  the  only  signs  of  life  being  the  existence  of  a 

Sd^?"'".'  1  muscular^irritability  Iftera 

period  of  from  forty-eight  to  seventy-t^vo  hours,  the  fore  limbs 

iTkVtetanuI  '^^''^  '^''^'^"P        ^  strychnine- 

'^.f''''  Man—When  atropine  is  injected  subcu- 
tanepusly,  the  symptoms,  as  is  usually  the  case  with  dru^s 
administered  m  this  manner,  may  come  on  immediately,  the 
pupil  not  unfrequently  dilating  almost  before  the  injection  is 
hnished  This  IS  m  no  way  surprising;  but  there  are  instances 
in  which  decoctions  of  datura  seeds  have  been  administered  by 
the  stomach,  and  the  commencement  of  symptoms  has  been  as 
rapid  as  m  poisoning  by  oxalic  or  even  prussic  acid.  In  a  case 
tried  m  India,  m  July,  1852,  the  prosecutor  declared  that  while 
a  person  was  handing  him  a  lota  of  water,  the  prisoner  snatched 
It  away  on  pretence  of  freeing  the  water  from  dirt  or  straws, 
and  then  gave  it  to  him.  He  then  drank  only  two  mouthfuls,  and 
complaining  of  the  bitter  taste,  fell  down  insensible  within 
lorty  yards  of  the  spot  where  he  had  drunk,  and  did  not  recover 
his  senses  until  the  third  day  after.  In  another  case,  a  man  was 
struck  down  so  suddenly  that  his  feet  were  scalded  by  some  hot 
Avater  which  he  was  carrying.  (Chevers.) 

When  the  seeds,  leaves,  or  fruit  of  atropine-holding  plants 
are  eaten,  there  is,  however,  a  very  appreciable  period  before 
the  symptoms  commence,  and,  as  in  the  case  of  opium  poisoning, 
no  very  definite  rule  can  be  laid  down,  but  usually  the  effects 
are  experienced  within  half  an  hour.  The  first  sensation  is 
dryness  of  the  mouth  and  throat ;  this  continues  increasing, 
,  and  may  rise  to  such  a  degree  that  the  swallowing  of  liquids  is  an 
impossibility.  The  difficulty  in  swallowing  does  not  seem  to  be 
entirely  dependent  on  the  dry  state  of  the  throat,  but  is  also  due 
to  a  spasmodic  contraction  of  the  pharyngeal  muscles.  Tissore  f 
found  in  one  case  such  constriction  that  he  could  only  introduce 
emetics  by  passing  a  catheter  of  small  diameter.  The  mucous 
membrane  is  reddened,  and  the  voice  hoarse.  The  inability  to 
swallow,  and  the  changed  voice,  bear  some  little  resemblance  to 
liydrophobia — a  resemblance  heightened  to  the  popular  mind  by 

*  Transact,  of  Edin.  Roy.  Sac,  vol,  xxv.,  p.  449.    Journ.  of  Anat.  and 
Physiol,  May,  1869,  p.  357, 
t  Oaz.  hebd.,  1856, 
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an  inclination  to  bite,  which  seems  to  have  been  occasionally 
observed  ^  the  pupils  are  early  dilated,  and  the  dilatation  may  be 
marked  and  extreme;  the  vision  is  deranged,  letters  and  ngures 
often  appear  duplicated;  the  eyeballs  are  occasionally  remarkably 
prominent,  and  generally  congested ;  the  skin  is  dry,  even  very 
small  quantities  of  atropine  arresting  the  cutaneous  secretion : 
in  this  respect  atropine  and  pilocarpine  are  perfect  examples  ot 
antagonism.    With  the  dryness  of  skin,  in  a  large  percentage  ot 
cases,  occurs  a  scarlet  rash  over  most  of  the  body.  This  is  generally 
the  case  after  large  doses,  but  Stadler  saw  the  rash  produced  on 
a  child  three  months  old  by  -3  mgrm.  of  atropine  sulphate.  It 
appeared  three  minutes  after  the  dose,  lasted  five  hours,  and  was 
reproduced  by  a  renewed  dose.*   The  temperature  of  the  body 
with  large  doses  is  raised ;  with  small,  somewhat  lowered.  The 
pulse  is  increased  in  frequency,  and  is  always  above  100 — mostly 
from  115  to  120,  or  even  150,  in  the  minute.    The  breathing  is 
at  first  a  little  slowed,  and  then  very  rapid.    Yomiting  is  not 
common  ;  the  sphincters  may  be  paralysed  so  that  the  evacua- 
tions are  involuntary,  and  there  may  be  also  spasmodic  contrac- 
tions of  the  urinary  bladder.    The  nervous  system  is  profoundly 
affected  ;  in  one  case  there  were  clonic  spasms,!  in  another,  J  such 
muscular  rigidity,  that  the  patient  could  with  difficulty  be  placed 
on  a  chair.    The  lower  extremities  are  often  partly  paralysed, 
there  is  a  want  of  co-ordination,  the  person  reels  like  a  drunken 
man,  or  there  may  be  general  jactitation.   The  disturbance  of  the 
brain  functions  is  very  marked ;  in  about  4  per  cent,  only  of  the 
recorded  cases,  has  there  been  no  delirium,  or  very  little — in  the 
majority  delirium  is  present.    In  adults  this  generally  takes  a 
garrulous,  pleasing  form,  but  every  variety  has  been  witnessed. 
Dr.  H.  Giraud  describes  the  delirium  from  datura  (which  it  may 
be  necessary  to  again  repeat  is  atropine  delirium),  as  follows  : — 
"  He  either  vociferates  loudly  or  is  garrulous,  and  talks  inco- 
herently ;  sometimes  he  is  mirthful,  and  laughs  wildly,  or  is  sad 
and  moans,  as  if  in  great  distress ;  generally  he  is  observed  to  be 
very  timid,  and,  when  most  troublesome  and  unruly,  can  always 
be  cowed  by  an  angry  word,  frequently  putting  up  his  hands  in 
a  supplicating  posture.    When  approached  he  suddenly  shrinks 
back  as  if  apprehensive  of  being  struck,  and  frequently  he  moves 
about  as  if  to  avoid  spectra.    But  the  most  invariable  accom- 
paniment of  the  final  stage  of  delirium,  and  frequently  also  that 
of  sopor,  is  in  the  incessant  picking  at  real  or  imaginary  objects. 
At  one  time  the  patient  seizes  hold  of  parts  of  his  clothes  or 


*  Med.  Times.,  1868.  f  Lancet,  vol.  i.,  1881,  p.  414. 

X  Ibid.,  vol.  i.,  187G,  p.  346. 
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tedding,  pulls  at  his  fingers  and  toes,  takes  up  dirt  and  stones 
from  the^ground,  or  as  often  snatches  at  imaginary  objects  n  the 
air,  on  his  body,  or  anything  near  him.    Very  frequently  he 

"he'eidroT^^  'r^^^'  imaginaVSad: 
!  7     V  occasionally  his  antics  are  so 

varied  and  ridiculous,  that  I  have  seen  his  near  relatives 

Chtfr  1.'^"^^^^'  ^^^^^^        restrain  the£ 

I*.  This  active  delirium  passes  into  a  somnolent  state 
with  muttering,  catching  at  the  bed-clothes,  or  at  floating  spectra, 
and  m  fatal  cases  the  patient  dies  in  this  stage.  As  a  rule,  the 
sleep  IS  not  like  opium  coma;  there  is  complete  insensibiHty  in 
both,  but  m  the  one  the  sleep  is  deep,  without  muttering,  in  the 
other,  trom  atropine,  it  is  more  like  the  stupor  of  a  fever  The 
course  m  fatal  cases  is  rapid,  death  generally  taking  place  within 
SIX  hours  If  a  person  live  over  seven  or  eight  hours,  he  usually 
recovers,  however  serious  the  symptoms  may  appear.  On  wakine 
the  patient  remembers  nothing  of  his  illness ;  mydriasis  remains 
some  time,  and  there  may  be  abnormality  of  speech  and  weak- 
ness of  the  limbs,  but  within  four  days  health  is  re-established 
in  cases  where  the  seeds  have  been  swallowed,  the  symptoms 
may  be  much  prolonged,  and  they  seem  to  continue  until  all  the 
seeds  have  been  voided— perhaps  this  is  due  to  the  imperfect  but 
contmous  extraction  of  atropine  by  the  intestinal  juices. 

Chronic  poisoning  by  atropine  may,  from  what  has  been 
stated,  be  of  great  importance  in  India.  It  is  probable  that  its 
continuous  effect  would  tend  to  weaken  the  intellect,  and  there 
is  no  reason  for  any  incredulity  with  regard  to  its  power  as  a 
factor  of  insanity.  Rossbach  has  ascertained  that  if  dogs  are, 
day  after  day,  dosed  with  atropine,  they  become  emaciated; 
but  a  certain  tolerance  is  established,  and  the  dose  has  to  be 
raised  considerably  after  a  time  to  produce  any  marked  physio- 
logical effect. 

§  395.  Phsiological  Action  of  Atro2nne. — From  the  numerous 
experiments  on  animals  which  have  been  performed  for  the 
purpose  of  elucidating  the  action  of  atropine,  it  is  clear  that  the 
terminations  of  the  vagus  in  the  heart  muscle  are  first  excited, 
and  then  paralysed.  The  excitor-motor  ganglion  is  also  paralysed, 
and  finally  the  heart  itself ;  death  resulting  from  heart  paralysis. 
The  respiratory  disturbance  is  also  to  be  ascribed  to  the  vagus ; 
the  terminations  in  the  lung  are  paralysed,  and,  at  the  same  time, 
the  poison  circulating  through  the  respiratory  nervous  centre 


*  la  an  English  case  of  belladonna  poisoning,  the  patient,  a  tailor,  sat  for 
four  hours,  moving  his  hands  and  arms  -as  if  sewing,  and  his  lips  as  if  talk- 
ing, but  without  uttering  a  word. 
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stimulates  it  first,  and  then  it  also  becomes  finally  paralysed.  The 
smaU  vessels  are  generally  widened  after  a  previous  transitory 
narrowing.  Organs  containing  unstriped  muscular  fibre  are 
generally  paralysed,  as  well  as  the  ends  of  the  nerves  regulating 
lecretionihence  the  dryness  of  the  skin.  The  action  on  the 
iris  is  not  thoroughly  elucidated.  _  14. 

S  396.  The  diagnosis  of  atropine  poisoning  may  be  very  difecult 
unless  the  attention  of  the  medical  man  be  excited  by  some 
suspicious  circumstance.  A  child  sufi-ering  from  belladonna 
rash,  with  hot  dry  skin,  quick  pulse,  and  reddened  fauces  looks 
not  unlike  one  under  an  attack  of  scarlet  fever.  Further,  as 
before  mentioned,  some  cases  are  similar  to  rabies ;  and  again, 
the  garrulous  delirium  and  the  hallucinations  of  an  adult  are 
often  very  similar  to  those  of  deliriitm  tremens,  as  well  as  to 
mania. 

§  397.  Post-mortem  Appearances. — TDiQ  post-mortem  appearances 
do  not  seem  to  be  characteristic,  save  in  the  fact  that  the  pupils 
remain  dilated.  The  brain  is  usually  hypersemic,  and  m  one 
case  the  absence  of  moisture  seems  to  have  been  _  remarkable. 
The  stomach  and  intestines  may  be  somewhat  irritated  if  the 
seeds,  leaves,  or  other  parts  of  the  plant  have  been  eaten ;  but 
the  irritation  is  not  constant  if  the  poisoning  has  been  by  pure 
atropine,  and  still  less  is  it  likely  to  be  present  if  atropine  has 
been  administered  subcutaneously. 

§  398.  Treatment— The  great  majority  of  cases  recover  under 
treatment.  In  112  cases  collected  by  F.  A.  Falck,  13  only  were 
fatal  (11-6  per  cent.)  The  greater  portion  of  the  deaths  in 
India  are  those  of  children  and  old  people— persons  of  feeble 
vitality.  The  Asiatic  treatment,  which  has  been  handed  down 
by  tradition,  is  the  application  of  cold  water  to  the  feet ;  but  the 
method  which  has  found  most  favour  in  England  is  treatment 
by  pilocarpine,  a  fifth  of  a  grain  or  more  being  injected  from 
time  to  time.  Dr.  Sydney  Ringer  and  others  have  published  a 
remarkable  series  of  cases  showing  the  ef&cacy  of  this  treatment, 
which,  of  course,  is  to  be  combined  where  necessary  with  emetics, 
the  use  of  the  stomach-pump,  &c.* 

§  399.  Separation  of  Atropine  from  Organic  Tissues,  <Scc. — From 
the  contents  of  the  stomach,  atropine  may  be  separated  by  acidu- 
lating strongly  with  sulphuric  acid  (15  to  20  cc.  of  dilute  HgSO^ 
to  100  cc),  digesting  for  some  time  at  a  temperature  not  exceeding 
70°,  and  then  reducing  any  solid  matter  to  a  pulp  by  friction, 
and  filtering,  which  can  generally  be  effected  by  the  aid  of  a 


*  See,  for  Dr.  Ringer's  cases,  Lancet,  vol.  i.,  1876,  p.  346.  Refer  also  to 
Brit.  Med.  Journ.,  vol.  i.,  1881,  p.  594 ;  Ih.,  p.  659. 
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filtei-pump.  The  liver,  muscles  *  and  coagulated  blood,  &c.,  may 
a  so  be  treated  m  a  precisely  simUar  way.  The  acid  liquid  tlius 
obtained,  is  first,  to  remove  impurities,  shaken  up  with  amyl 
alcohol,  and  after  the  separation  of  the  latter  in  the  usual 
manner,  it  is  agitated  with  chloroform,  which  will  take  up  any 
^Ki,  ^""^^  alcohol,  t  and  also  serve  to  purify  further, 

ihe  chloroform  is  then  removed  by  a  pipette  (or  the  separating 
flask  before  described),  and  the  fluid  made  alkaline,  and  shaken 
up  with  ether,  which,  on  removal,  is  allowed  to  evaporate  spon- 
taneously. The  residue  will  be  found  to  contain  atropine,  if 
present,  and,  possibly,  sulphate  of  ammonia.  If  the  latter  is 
suspected,  the  residue  should  be  treated  with  absolute  alcohol, 
in  which  ammonia  sulphate  is  insoluble. 

From  the  urine,  J  atropine  may  be  extracted  by  acidifying 
Avith  sulphuric  acid,  and  agitation  with  the  same  series  of 
solvents.  Atropine  has  been  separated  from  putrid  matters  long 
after  death,  nor  does  it  appear  to  suffer  any  decomposition  by 
the  ordinary  analytical  operations  of  evaporating  solutions 
to  dryness  at  100°.  In  other  words,  there  seems  to  be  no 
necessity  for  operations  in  vacuo,  in  attempts  at  separating 
atropine. 

2.  HYOSCYAMINE. 

§  400.  This  powerful  alkaloid  is  contained  in  small  quantities 
in  datura  and  belladonna ;  but  its  chief  source  is  the  Ilyos- 
cyamus  niger  and  Hyoscyamus  alba  (black  and  white  henbane)  : 
it  is  also  found  in  the  Duboisia  myojmroides.  The  latter  plant 
was  considered  to  contain  a  new  alkaloid,  "  Duboisine"  but 
duboisine  has  not  been  shown  to  be  in  any  way  distinct  from 
hyoscyamine.  Ladenburg's  hyoscine  accompanies  hyoscyamine, 
and  is  an  isomeride  of  both  atropine  and  hyoscyamine ;  its 
chemical  reactions  are  similar  to  those  of  hyoscyamine,  as  well 
as  its  physiological  effects.  § 

*  Neither  amyl  alcohol  uor  chloroform  removes  atropine  from  an  add 
solution. 

t  Atropine  goes  into  the  blood,  and  appears  to  be  present  in  the  different 
organs  in  direct  proportion  to  the  quantity  of  blood  they  contain.  Dragen- 
dorfif  has  found  in  the  muscles  of  rabbits  fed  upon  belladonna  sufficient 
atropine  for  quantitative  estimation. 

X  Dragendorff  has  found  atropine  in  the  urine  of  rabbits  fed  with  bella- 
donna ;  the  separation  by  the  poison  is  so  rapid  that  it  often  can  only  be 
recognised  in  the  urine  during  the  first  hour  after  the  poison  has  been 
taken. 

§  See  Ber.  der  DeiUsch.  Chem.  GeselL,  13, 1549  to  1554.  By  boiling  hyoscine 
hydrochloride  with  animal  charcoal,  and  then  precipitating  with  auric 
chloride,  a  good  crystalline  compound,  melting  at  198°,  can  be  obtained. 
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poisons:  their  effects  and  detection.  [§401. 


nyoscyarmne  {G^^Tl^^O.^),  as  separated  in  the  course  of 
analysis,  is  a  resinoid,  sticky,  amorphous  mass,  difficult  to  dry, 
and  possessing  a  tobacco-like  odour.  It  can,  however,  be 
obtained  in  well-marked  odourless  crystals,  which  melt  at  90°, 
a  portion  subliming  unchanged.  According  to  Thorey,  * 
hyoscyamine  crystallises  out  of  chloroform  in  rhombic  tables, 
and  out  of  benzene  in  fine  needles ;  but  out  of  ether  or  amyl 
alcohol  it  remains  amorphous.  When  perfectly  pure,  it  dissolves 
"with  difficulty  in  cold,  but  more  readily  in  hot,  water ;  if  impure, 
it  is  hygroscopic,  and  its  solubility  is  much  increased.  In  any 
case,  it  dissolves  easily  in  alcohol,  ether,  chloroform,  amyl 
alcohol,  benzene,  and  dilute  acids.  Hyoscyamine  neutralises 
acids  fully,  and  forms  crystallisable  salts,  which  assume  for  the 
most  part  the  form  of  needles.    It  is  isomeric  with  atropine. 

§  401.  Pharmaceutical  and  other  Preparations  of  Henbane. — The 
leaves  are  alone  officinal  in  the  European  pharmacopoeias ;  but  the 
seeds  and  the  root,  or  the  flowers,  may  be  met  with  occasion- 
ally, especially  among  herbalists.  The  table  f  (p.  365)  will  give 
an  idea  of  the  alkaloidal  content  of  the  different  parts  of  the  plant. 

In  order  to  ascertain  the  percentage  of  the  alkaloid  in  any 
part  of  the  plant,  the  process  followed  by  Thorey  has  the  merit 
of  simplicity.  The  substance  is  first  exhausted  by  petroleum 
ether,  which  frees  it  from  fat ;  after  drying,  it  is  extracted  with 
85  per  cent,  alcohol  at  a  temperature  not  exceeding  40°.  The 
alcoholic  extracts  are  then  united,  the  alcohol  distilled  off",  and 
the  residue  filtered.  The  filtrate  is  now  first  purified  by  agita- 
tion with  petroleum  ether,  then  saturated  by  ammonia,  and 
shaken  up  with  chloroform.  The  latter,  on  evaporation,  leaves 
the  alkaloid  only  slightly  impure,  and,  after  washing  with  dis- 
tilled water,  if  dissolved  in  dilute  sulphuric  acid,  a  crystalline 
sulphate  may  be  readily  obtained. 

A  tincture  and  an  extract  of  henbane  leaves  are  officinal  in  most 
pharmacopoeias ;  an  extract  of  the  seeds  in  that  of  France. 

An  oil  of  hyoscyamus  is  officinal  in  all  the  Continental  phar- 
macopoeias, but  not  in  the  British. 

An  ointment,  made  of  one  part  of  the  extract  to  nine  of  simple 
ointment,  is  officinal  in  the  German. 

The  tincture  (after  distilling  off"  the  spirit)  and  the  extracts 
(on  proper  solution)  may  be  conveniently  titrated  by  Mayer's 
reagent  (p.  247),  which,  for  this  purpose,  should  be  diluted  one- 
half;  each  cc.  then,  according  to  Dragendorff",  equalling  6 -98 

*  Pharm.  ZeUschr.f.  Russl.,  1869. 

fThis  table,  taken  from  Dragendorff's  Chemische  Werllibeshmmung 
einiger  Slarkwirkenden  Droguen,  embodies  the  researches  of  Thorey. 
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mgrms.  of  hyoscyamine.  Kruse  found  0'042  per  cent,  of  hyoscy- 
amine in  a  Russian  tincture,  and  -28  per  cent,  in  a  Russian 
extract.  Any  preparation  made  with  extract  of  henbane  will  be 
found  to  contain  nitrate  of  potash,  for  Attfield  has  shown  the 
extract  to  be  rich  in  this  substance.  The  ointment  will  require 
extraction  of  the  fat  by  petroleum  ether ;  this  accomplished,  the 
determination  of  its  strength  is  easy. 

The  oil  of  hyoscyamus  is  poisonous,  and  contains  the  alkaloid. 
An  exact  quantitative  research  is  difficult;  but  if  20  grms.  of 
the  oil  are  shaken  up  for  some  time  with  water  acidified  by  sul- 
phuric acid,  the  fluid  separated  from  the  oil,  made  alkaline, 
'  shaken  up  with  chloroform,  and  the  latter  removed  and  eva- 
porated, sufficient  will  be  obtained  to  test  successfully  for  the 
presence  of  the  alkaloid,  by  its  action  on  the  pupil  of  the  eye. 

§  402.  Dose  and  Effects. — The  dose  of  the  uncrystalline 
hyoscyamine  is  6  mgrms.  grain),  carefully  increased.  I  have 
seen  it  extensively  used  in  asylums  to  calm  violent  or  trouble- 
some maniacs.  32  mgrms.  (|  grain)  begin  to  act  within  a 
quarter  of  an  hour ;  the  face  flushes,  the  pupils  dilate,  there  is 
no  excitement,  all  muscular  motion  is  enfeebled,  and  the  patient 
remains  quiet  for  many  hours,  the  effects  from  a  single  dose  not 
uncommonly  lasting  two  days.  64"8  mgrms.  (1  grain)  would  be 
a  very  large,  and  possibly  fatal,  dose.  The  absence  of  delirium 
or  excitement,  with  full  doses  of  hyoscyamine,  is  a  striking 
contrast  to  the  action  of  atropine,  in  every  other  respect  so 
closely  allied ;  yet  there  are  cases  on '  record  showing  that  the 
henbane  root  itself  has  an  action  similar  to  that  of  belladonna, 
unless  indeed  one  root  has  been  mistaken  for  another — e.g., 
Sonnenschein  relates  the  following  ancient  case  of  poisoning  : — 
In  a  certain  cloister  the  monks  eat  by  error  the  root  of  henbane. 
In  the  night  they  were  all  taken  with  hallucinations,  so  that  the 
pious  convent  was  like  a  madhouse.  One  monk  sounded  at 
midnight  the  matins,  some  who  thereupon  came  into  chapel 
could  not  read,  others  read  what  was  not  in  the  book,  others 
sang  drinking  songs — in  short,  there  was  the  greatest  disturbance. 

§  403.  Separation  of  Hyoscyamine  from  Organic  Matters. — The 
isolation  of  the  alkaloid  from  organic  tissues  or  fluids,  in  cases 
where  a  medicinal  preparation  of  henbane,  or  of  the  leaves,  root, 
&c.,  has  been  taken,  is  possible,  and  should  be  carried  out  on  the 
principles  already  detailed.  Hyoscyamine  is  mainly  identified 
by  its  power  of  dilating  the  pupil  of  the  eye.  It  is  said 
that  so  small  a  quantity  as  -0083  mgrm.  (joVo  grain)  will  in. 
fifteen  minutes  dilate  the  eye  of  a  rabbit.  It  is  true  that  atropine 
also  dilates  the  pupil ;  but  if  sufficient  of  the  substance  should 
have  been  isolated  to  apply  other  tests,  it-  can  be  distinguished 
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from  atropine  by  the  fact  that  the  latter  gives  no  immediatP 
precipitate  wxth  platinic  chloride,  whilst  h/oscyamine  irprect 

Hyoscyamine  gives  precipitates  with  tincture  of  iodine  chlo- 
nde  of  gold,  and  most  of  the  common  alkaloidal  reagente,  but 
tLt  hp  "VP^^^^^r  observation  of  Kletzin^ky^ 

^nd  -Irt"^^"  changes  hyoscyamine  into  ammo^  a 

the  alkaloT  ""'^  ^'"^^^^^      ^^'^''^<^^  in  identifying 

3.  SOLANINE. 

§  404.  Solanine  is  an  alkaloid  found  in  all  parts  of  the  plants 
belonging  to  the  nightshade  or  solmium  order.    The  common 
edible  potato-plant  {Solanu7n  tuberosum),  the  nightshade  (Solanum 
mgrum),  and  the  Solanum  dulcamara,  or  bitter-sweet,  are  all 
common  plants  in  England.    The  amount  of  solanine  in  the  iuice 
ot  the  berries  of  the  Solanum  riigrum,  as  well  as  that  of  the  S 
dulcamara,  has  been  estimated  at  -3  per  cent.    The  yield  of  the 
leaves  of  young  potato  tubers  is  said  to  be  about  -03  per  cent 
fully  mature  tubers  contain  but  traces  of  solanine  ' 
§  405.  Solanine  (O^gHegNOig)  may  be  obtained  when  pure  in 
good,  colourless,  glittering  needles,  the  form  of  the  crystal  bein<^ 
that  of  the  right-angled  prism.    The  reaction  of  the  crystals  is 
weakly  alkahne ;  the  taste  is  somewhat  bitter  and  puncrent 
Solanine  is  soluble  in  8000  parts  of  boiling  water,  4000  parte  of 
ether,  500  parts  of  cold,  and  125  of  boiling  water.'    It  dissolves 
well  in  hot  amyl  alcohol,  but  is  scarcely  soluble  in  benzene. 
An  aqueous  solution  froths  on  shaking,  but  not  to  the  deo-ree 
possessed  by  saponine  solutions. 

The  amyl  alcohol  solution  has  the  property  of  gelatinising 
when  cold.    It  does  this  if  even  so  little  as  1  part  of  solanine  is 
dissolved  in  2000  of  hot  amyl  alcohol.    The  jelly  is  so  firm  that 
the  vessel  may  be  inverted  without  any  loss.    This  peculiar 
property  is  one  of  the  most  important  tests  for  the  presence  of 
solanine.    The  hot  ethylic  alcohol  solution  will,  on  cooling,  also 
gelatinise,  but  a  stronger  solution  is  required.     From  very 
dilute  alcoholic  solutions  (and  especially  with   slow  cooling) 
solanine  may  be  obtained  in  crystals.    In  dilute  mineral  acids 
solanine  dissolves  freely,  and  forms  salts,  which  for  the  most  part 
have  an  acid  reaction  and  are  soluble  in  alcohol  and  in  water, 
but  with  difiiculty  in  ether.    The  compounds  with  the  acids  are 
not  very  stable,  and  several  of  them  are  broken  up  on  warming 

*  Schioeiz.  Wochensclir.  Phann.,  1866-85. 
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the  solution,  solanine  separating  out  from  the  aqueous  solutions 
of  the  solanine  salts.  The  alkaloid  may  be  precipitated  by  the 
fixed  and  volatile  alkalies,  and  by  the  alkaline  earths.  Solanine 
will  stand  boiling  with  strongly  alkaline  solutions  without  de- 
composition; but  dilute  acids,  on  warming,  readily  split  it  up 
into  a  sugar  and  solanidine : — 

Solanine  might  thus  be  mistaken  for  a  non-nitrogenous  gluco- 
side.  Solanidine  has  stronger  basic  characters  than  solanine. 
It  melts  at  208°,  is  alkaline  in  reaction,  tastes  bitter,  is  capable 
of  being  sublimed  without  decomposition,  is  soluble  in  alcohol, 
in  ether,  and  in  benzene,  but  only  slightly  soluble  in  water.  It 
forms  with  mineral  acids  scarcely  crystallisable  salts.  By  heat- 
ing solanine  in  alcoholic  solution  with  ethyl  iodide  in  closed  tubes, 
and  then  treating  the  liquid  with  ammonia,  ethyl  solanine  in 
well-formed  crystals  can  be  obtained.  Solanine  is  precipitated 
by  phosphomolybdic  acid,  but  by  very  few  other  substances. 
It  gives,  for  example,  no  precipitate  with  the  following  re- 
agents : — Platinic  chloride,  gold  chloride,  mercuric  chloride, 
potassic  bichromate,  and  picric  acid.  Tannin  precipitates  it 
only  after  a  time.  Sodic  phosphate  gives  a  crystalline  precipi- 
tate of  solanine  phosphate,  if  added  to  a  solution  of  solanine 
sulphate.  Both  solanine  and  solanidine  give  with  nitric  acid  at 
first  a  colourless  solution,  which,  on  gentle  warming,  passes  into 
blue,  then  into  light-red,  and  lastly  becomes  wealdy  yellow. 
Solanine,  dissolved  in  strong  sulphui'ic  acid,  to  which  a  little 
Frohde's  reagent  is  added,  at  first  colours  the  fluid  light-brown  ; 
after  standing  some  time  the  edges  of  the  drop  becomes  reddish- 
yellow,  and  finally  the  whole  a  beautiful  cherry-red,  which 
gradually  passes  into  dark-violet,  when  violet-coloured  flocks 
separate. 

§  406.  Poisoning  from  Solanine. — Poisoning  from  solanine  has 
been,  in  all  recorded  cases,  induced,  not  by  the  pure  alkaloid 
(which  is  scarcely  met  with  out  of  the  laboratory  of  the  scientific 
chemist),  but  by  the  berries  of  the  difierent  species  of  solanum, 
and  has  for  the  most  part  been  confined  to  children.  The  symp- 
toms in  about  twenty  cases,*  which  may  be  found  detailed  in  the 
medical  literature  of  this  century,  have  varied  so  greatly  that  the 

*  See  "Death  of  three  Children  hy  S.  nigrum;"  Hirtz.,  Gaz.  Med.  de 
Strasbourg,  1842;  Maury,  Gaz.  des  H6p.,  1864';  J,  B.  Montane,  Chim.  Med. 
1862;  Maone,  Gaz.  des  H6p.,  1869 ;  Manners,  Ed.  Med.  Journ.,  1867.  Cases 
of  poisoning  by  bitter  sweet  berries  are  recorded  in  Lancet,  1856  •  C 
Bourdin,  Gaz.  des  lUpitaux,  1864 ;  Bourneville,  the  berries  of  aS'.  tuberosum 
■Lsrit.  Med.  Journ.,  1859.  ' 
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most  opposite  phenomena  have  been  witnessed  as  effects  of 
poisoning  by  the  same  substance.  The  most  constant  pheno- 
mena are  a  quick  pulse,  laboured  respiration,  great  restlessness, 
and  hypersesthesia  of  the  skin.  Albumen  in  the  urine  is  common. 
Nervous  symptoms,  such  as  convulsions,  aphasia,  delirium,  and 
even  catalepsy,  have  been  witnessed.  In  some  cases  there  have 
been  the  symptoms  of  an  irritant  poison — diarrha3a,  vomiting, 
and  pain  in  the  bowels :  in  many  cases  dilatation  of  the  pupil 
has  been  observed. 

E-abbits  are  killed  by  doses  of  -1  grm.  per  kilo.  The  symptoms 
commence  in  about  ten  minutes  after  the  administration,  and 
consist  of  apathy,  and  a  low  temperature ;  the  breathing  is  much 
slowed.  Convulsions  set  in  suddenly  before  death,  and  the 
pupils  become  dilated.  The  post-mortem  appearances  in  animals 
are  intense  redness  and  injection  of  the  meninges  of  the  cere- 
bellum, of  the  medulla  oblongata,  and  the  spinal  cord.  Dark-red 
blood  is  found  in  the  heart,  and  the  kidneys  are  hyperfemic. 
The  intestinal  mucous  membrane  is  normal. 

§  407.  Separation  of  Solanine  from  the  Tissues  of  the  Body. — 
Dragendortf  has  proved  the  possibility  of  separating  solanine 
from  animal  tissues  by  extracting  it  from  a  poisoned  pig.  The 
best  plan  seems  to  be  to  extract  with  cold  dilute  sulphuric  acid 
water,  which  is  then  made  alkaline  by  ammonia,  and  shaken  up 
with  warm  amyl  alcohol.  This  readily  dissolves  any  solanine. 
The  peculiar  property  possessed  by  the  alkaloid  of  gelatinising, 
and  the  play  of  colours  with  Frohde's  reagent,  may  then  be 
essayed  on  the  solanine  thus  separated. 

4.  CYTISINE. 

§  408.  The  laburnum  tree,  Cytisus  laburnum,  so  common  in 
shrubberies,  is  intensely  poisonous.  The  flowers,  bark,  wood, 
seeds,  and  the  root  have  all  caused  very  serious  symptoms.  The 
only  active  principle  hitherto  discovered  is  an  alkaloid  termed 
Cytisine,  which  may  be  extracted  from  the  plant  by  water  acidu- 
lated with  sulphuric  acid,  neutralisation  with  lime,  subsequent 
treatment  of  the  filtrate  with  acetate  of  lead,  and  precipitation 
by  tannic  acid.  To  obtain  the  alkaloid  pure,  it  is  finally  crystal- 
ised  as  a  nitrate. 

§  409.  Cytisine  (O20H27N3O)  is  in  white,  radiating  crystals,  of 
a  bitter,  weakly  caustic  taste,  and  without  odour.  It  has  a  strong 
alkaline  reaction,  is  soluble  in  every  proportion  in  water,  and  is 
also  very  soluble  in  spirit.  It  scarcely  dissolves  in  anhydrous 
ether,  chloroform,  benzene,  and  bisulphide  of  carbon.   It  may  be 
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1,1-  1  „f  1  U-^"  in  hydrogen,  in  the  form  of  very  long  needles 
sublimed  at  154  5  /n  l  yd^^^^^^  temperatures  it  melts  to  a  yellow 

M  a.ain  becoming  crystalline  on  cooling.  Oytisine  is 
oS  oi  the  strongest  bases°existing  in  plants  ;  it  precipitates  the 
earths  and  oxides  of  the  heavy  metals  from  solutions  of  the 
chWes  and  even  in  the  cold  expels  ammonia  from  its  com- 

^"Mrate  of  cytisine  (0.oH,,N30,2NH03  +  2H,0)  forms  large, 
thick  transparent  monoclinic  prisms,  losing  the  water  of  crystal- 
lisation at  100°  to  110°,  and  becoming  opaque;  it  has  an  acid 
IctTon.    It  is  insoluble  in  ether,  and  almost  so  in  abso^^^^^ 

alcohol;  but  soluble  in  ^^^^fP^f  Vp^S?  N  O  4H01 

salts  are  easily  decomposed.  A  hydrochlorate  (02oH2,N30,4ilU 
+  3HoO),  a  platinum  salt  of  an  orange-yellow  colour  (^^^27^  3'-' 
•^HCl  2PtOU,  a  gold  salt,  at  first  yellow  and  flocculent,  but  later 
changhig  into  needles  (0,oH,,N30,2HCl,2Au01  )  a  mercury  salt 
^0  H  N  O  411(^01),  and  many  others,  can  be  obtained. 

Ooncentrated^'sulphuric  acid  dissolves  cytisine  without  colour  ; 
if  to  the  solution  is  added  a  drop  of  nitric  acid,  it  becomes 
orancre-yellow,  and  on  addition  of  a  crystal  of  potassic  bichromate, 
first  °yeUow,  then  dirty  brown,  and  lastly  green.  Concentrated 
nitric  acid  dissolves  the  base  in  the  cold  without  colour,  but,  on 
warming,  it  becomes  orange-yellow.  Picric,  tannic,  and  phos- 
phomolybdic  acids,  potassic,  mercuric,  and  potass,  cadmium 
iodides,  and  iodine  with  potassic  iodide,  all  give  precipitates. 
Neither  potassic  bichromate  nor  mercuric  chloride  precipitates 
cytisine,  even  though  the  solution  be  concentrated. 

§410.  i:ffects  on  Animals.— W.  Marme  found  subcutaneous 
doses  of  from  30  to  40  mgrms.  fatal  to  cats ;  death  was  from 
paralysis  of  the  respiration,  and  could  be  avoided  by  artificial 
respiration.  Cattle  are  sometimes  accidentally  poisoned  _  by 
laburnum.  An  instance  of  this  is  recorded  in  the  Veterinarian, 
(vol.  Iv.,  p.  92).  In  Lanark  a  storm  had  blown  a  large  laburnum 
tree  down  to  the  ground;  it  fell  into  a  field  in  which  some  young 
heifers  were  grazing,  and  they  began  to  feed  on  the  leaves  and 
pods.  Two  or  three  died,  and  three  more  were  ill  for  some  time, 
but  ultimately  recovered. 

The  laburnum,  however,  does  not  always  have  this  effect,  for 
there  ia  a  case  related  in  the  Gardeners'  Chronicle,  in  which  five 
cows  browsed  for  some  time  on  the  branches  and  pods  of  an 
old  laburnum  tree  that  had  been  thrown  aside.  Rabbits  and 
hares  are  said  to  feed  eagerly,  and  without  injury,  on  the  pods 
and  branches. 

§  411.  Effects  on  Man. — The  sweet  taste  of  many  portions  of  ■ 
the  laburnum  tree,  as  well  as  its  attractive  appearance,  has  been 
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the  cause  of  many  accidents.    F.  A.  Talck  lias  been  able  to 

collect  from  medical  literature  no  less  than  155  caseL-120  of 

which  were  those  of  the  accidental  poisoning  of  children  only 

t  i  ?  T*-^  ho^eyer,  died,  so  that  the  poison  is  not  of 
a  very  deadly  character.  ^ 

a,v?''nf  ""f  cases  is  by  Christison.*  A  servant 

f™f  ^r^'^'^'f \  -f?'^  ^^'^^^^  ^«"^i*i^g  her  fellow- 
servant  (the  cook),  boiled  some  laburnum  bark  in  soup  -  verv 

soon  after  partaking  of  this  soup,  the  cook  experienced  violent 

vomiting,  which  lasted  for  thirty-six  hours;  she  had  intense  pain 

m  the  stomach,  much  diarrhoea,  and  great  muscular  weakness  she 

appears  to  have  suffered  from  gastro-intestinal  catarrh  for  some 

time,  but  ultimately  recovered. 

•  ^^l^^of^  described  the  symptoms  observed  in  the  poison- 
ing of  58  boys,  who  eat  the  root  of  an  old  laburnum  tree!  beine 
allured  by  its  sweet  taste.  All  were  taken  ill  with  similar 
symptoms,  differing  only  in  severity ;  two  who  had  eaten  half  an 
ounce  (nearly  8  grms.)  suffered  with  especial  severity.  The 
symptoms  were  first  vomiting,  then  narcosis,  with  convulsive 
movements  of  the  legs  and  strange  movements  of  the  arms  •  the 
pupils  were  dilated.  This  dilatation  of  the  pupil  Sedgwick  also 
saw  m  the  poisoning  of  two  children  who  eat  the  root.  On  the 
other  hand,  when  the  flower,  seeds,  or  other  portions  of  the 
laburnum  have  -been  eaten,  the  symptoms  are  mainly  referable 
to  the  gastro-intestinal  tract,  consisting  of  acute  pain  in  the 
stomach,  vomiting,  and  diarrhoea.  On  these  grounds,  it  is  there- 
fore more  than  probable  that  there  is  another  active  principle  in 
the  root,  differing  from  that  which  is  in  those  portions  of  the 
tree  exposed  to  the  influence  of  sunlight.  J 

The  post-mortem  appearances  are,  so  far  as  known,  in  no  way 
characteristic. 


VII.— THE  ALKALOIDS  OF  THE  VERATRUMS. 

§  412.  The  alkaloids  of  the  veratrums  have  been  recently 
investigated  by  Dr.  Alder  Wright  and  Mr.  A.  P.  Luff.§  From 


* 


Ed.  Med.  Journ.,  1843.  t  Brit.  Med.  Journ.,  1875. 

t  See  also  a  case  related  by  Dr.  Popham,  in  which  ten  children  eat 
laburnum  seeds  ;  the  pupils  were  dilated.  They  all  recovered.  B.  and  F. 
Med.  Chir.  Beview,  Ap.,  1863 ;  also  a  case  reported  by  H.  Usher,  Med. 
Times  and  Gazette,  Sep.  15,  1862. 

§  "The  Alkaloids  of  the  Veratrums,"  by  C.  R.  Alder  Wright,  D.Sc,  and 
A.  P.  Lufif,  Journ.  Chem.  Soc,  July,  1879.  "The  Alkaloids  of  Veratrum 
Viride,"  by  C.  E.  Alder  Wright,  D.Sc,  lb.,  1879. 


§  413-415.] 


VEBATRUM  ALKALOIDS. 


373 


their  researches  it  appears  that  both  the  Veratrum  viride  and  the 
Veratrum  album  contain  several  distinct  alkaloids,  some  of  which 
are  crystalline,  others  amorphous,  and  two  only  of  which  are 
sternutatory.  The  proportions  of  the  different  alkaloids  in  the 
V.  albiim  and  V.  viride  is  given  as  about  the  foUowing  per  kilo,  of 
roots  : — 


TABLE  XVII.— ALI^LOIDS  IN  THE  VERATRUMS. 


V.  Altuin. 

V.  Viride. 

Jervine,  .... 

1  '3  grm. 

•2  grm. 

Pseudo-jervine, 

•4  „ 

•15  „ 

Rubi-jerviae,  . 

•25  „ 

•02  „ 

Veratralbine,  . 

2-2  „ 

Traces. 

Veratrine, 

•05  „ 

Less  tban  ^004  grm. 

Cevadine, 

Absent. 

•43  „ 

§  413.  Jervine  (OggHgyNOgj^HgO),  when  anhydrous,  melts  at 
237°  to  239°  :  it  forms  a  very  insoluble  sulphate  and  sparingly 
soluble  nitrate  and  hydrochloride.  Treated  with  strong 
sulphuric  acid  it  dissolves  to  a  yellow  fluid,  which  becomes 
successively  dark-yellow,  brownish-yellow,  and  then  greenish. 
After  standing  a  little  time  a  green  tint  is  developed,  afterwards 
becoming  dark-green.  The  green  shade  is  immediately  developed 
by  diluting  with  water. 

§  414.  Pseudo-jervine  (OggH^gNOy)  crystallises  anhydrous,  and 
melts  at  299°,  forming  a  crystalline  sulphate  and  hydrochloride  ; 
it  gives  the  same  play  of  colours  as  jervine,  and  has  no  ster- 
nutatory properties. 

§  415.  Eubi-jervine  (OjgH^glSrOg)  is  a  crystallisable  base  wholly 
different  from  jervine,  yet  probably  closely  allied  to  it.  It  forms 
a  light-yellow,  indistinctly  crystalline  gold  salt  (OggH^gNOg, 
HCl.AuOlg) :  it  gives  a  different  play  of  colours  from  jervine  with 
.sulphuric  acid.  The  concentrated  acid  dissolves  rubi-jervine  to 
a  clear  yellow  fluid,  becoming  successively  dark-yellow,  brownish- 
yellow,  and  brownish  blood-red,  changing  after  several  hours  to 
a  brownish-purple.  On  diluting  slightly  with  water  the 
brownish-red  liquid,  it  becomes  successively  crimson,  purple, 
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dark-lavender,  dark-violet,  and  ultimately  light-indigo.  Its 
hydrochloride  and  sulphate  are  both  more  soluble  than  either  of 
the  corresponding  salts  of  jervine  or  pseudo-jervine. 

§  416.  Veratralbine  (OgsH^gNOg),  an  amorphous  non-ster- 
nutatory base,  gives,  when  a  speck  of  the  substance  is  dissolved 
in  sulphuric  acid,  a  play  of  colours,  becoming  successively  yellow, 
dark-yellow,  brownish-orange,  and  brownish  blood-red  with  a 
strong  green  fluorescence.    It  yields  no  acid  on  saponification. 

§  417.  Veratrine  (Og^H^gNOji)  is  a  crystallisable  alkaloid, 
which  is  a  powerful  irritant  of  the  sensory  nerves  of  the  mucous 
membrane,  and  excites  violent  sneezing.  Treated  with  concen- 
trated sulphuric  acid,  it  dissolves  with  a  ydUow  colour,  deepening 
into  orange,  then  into  blood-red,  and  finally  passing  into  carmine- 
red.  If  the  freshly-prepared  sulphuric  acid  solution  is  now  treated 
with  bromine  water,  a  beautiful  purple  colour  is  produced. 
Concentrated  hydrochloric  acid  dissolves  veratrine  without  the 
production  of  colour,  but,  with  careful  warming,  it  becomes 
beautifully  red.  This  reaction  is  very  delicate,  occurring  with 
■17  mgrm.    On  saponification  veratrine  yields  veratric  acid. 

§  418.  CevacZiwe,  OggH^gNOg  (Merck's  veratrine). — It  has  power- 
ful sternutatory  properties,  and,  under  the  influence  of  saponi- 
fying agencies,  yields  cevadic,  methyl  crotonic,  or  tigiic  acids.  It 
is  crystalline,  and  has  a  melting  point  of  from  205°  to  206°. 

The  method  which  Dr.  Wright  adopted  to  extract  and  separate 
these  alkaloids  from  the  root  of  V.  album  and  V.  viride,  essen- 
tially consisted  in  exhausting  with  alcohol,  to  which  a  little 
tartaric .  acid  had  been  added,  filtering,  distilling  off"  the  alcohol, 
dissolving  the  residue  in  water,  alkalising  with  caustic  soda,  and 
shaking  up  with  ether.  The  ethereal  solution  was  next  sepa- 
rated, and  then  washed  with  water  containing  tartaric  acid,  so 
as  to  obtain  a  solution  of  the  bases  as  tartrates :  in  this  way  the 
same  ether  could  be  used  over  and  over  again.  Ultimately  a 
rough  separation  was  made  by  means  of  the  different  solubilities 
in  ether,  pseudo-jervine  being  scarcely  soluble  in  this  medium, 
whilst  jervine,  veratralbine,  veratrine,  and  cevadine  are  very 
soluble  in  it. 

§  419.  Commercial  Veratrine  has  hitherto  consisted  of  a  mix- 
ture of  alkaloids,  and  is,  indeed,  neither  prepared  from  V.  album 
nor  F.  viride,  but  from  the  seeds  of  Sabadilla  officinalis*  As  met 
with  in  commerce  it  is  a  white  semi-crystalline  powder  without 
smell,  but  of  a  bitter  taste,  and  alkaline  reaction ;  the  smallest 
portion  applied  to  the  nasal  mucous  membrane  causes  sneezing. 


*The  Alkaloid  of  the  Sabadilla  Seeds  are^.)  Veratrine,  (2.)  Cevi 
and  (3.)  in  small  quantity  only,  Cevadilline  (Cs^HisNOs). 
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It  is  scarcely  soluWo  in  watc.j  i^^so— 
chloroform,  and  ether  aM  ^/'.^^l^' f  ;„tid  holding  water, 
soluble  in  petroleum  I*  precipitate  becomes 

and  is  precipitated  by  ^1^' .  ^  ^^^.^  of  potash.  Oom- 
"■•"'"MSi  "W^^^^^^^^^  "y'-Moric  acid,  as 

-r  i±  ^:niT;=ac:;:^^^^^^ 

S  ^eNs  aVnttuTe  ««c,„™  «Vi*).  to  -"^^^^^^^ 

r^ovf=  -hv  weio-ht  of  the  root  are  exhausted  by  parts  oy 
ZTJl  ^  ^  the  probable  strength  is  -016  per  cent,  of 
total  aU^aldd.  ^^^^^^  ^^^^  of  the  commercial  • 

alkaloid  is  laid  down  as  10  mgrms  (-15  g-- '  -^-^^^^^ 
taken  safely  in  a  single  dose,  but  nothing  ^^ffi^^^J^y/^f^^^^^^^^ 
known  as  to  what  is  a  lethal  dose.    1-3  grm.  of  the  powdered 
rh'zlme  has  caused  death,  and,  on  the  other  hand,  ten  times  that 
quantity  has  been  taken  with  impunity,  so  that  at  present  it  is 
quite^g  op^i^^estiom^^ 

on  animals  have  proved  that  the  veratrums  act  on  the  sensory 
nerves  of  the  skin,  and  those  of  the  mucous  membranes  of  the 
nose  and  intestinal  canal;  they  are  first  excited  afterwards 
paralysed.   It  exercises  a  peculiar  influence  on  voluntary  muscle , 
the  contractility  is  changed,  so  that  when_  excited,  there  is  a 
long-continuing  contraction,  and  from  a  single  stimulus  moie 
heat  is  disengaged  than  with  healthy  muscle;  the  motor  nerves 
are  also  aff^ected.    The  respiration,  at  first  quickened,  is  then 
slowed,  and  finally  paralysed.    The  heart's  action  is  also  first 
quickened,  the  blood-pressure  at  the  same. time  is  raised,  and  the 
small  arteries  narrowed  in  calibre ;  later  follow  sinking  ot  the 
pressure,  slowing  of  the  heart,  and  dilatation  of  the  vessels,  and 
the  heart  becomes  finally  paralysed.  '• 
§  423.  JSffeds  on  ifan.— Poisoning  by  veratrum,  sabadilla,  or 
pharmaceutical  preparations  containing  veratrine,  is  not  common 
Plenk  witnessed  a  case  in  which  the  external  application  of 
sabadilla  powder  to  the  head  caused  delirium,  and  Lentin  also 
relates  a  case  in  which  an  infant  at  the  breast  seems  to  have 
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died  from  an  external  application  made  for  tlie  purpose  of 
destroying  lice.  In  both  instances,  however,  there  is  a  possi- 
bility that  some  of  the  medicament  was  swallowed. 

Bias  recorded,  in  1861,  the  case  of  two  children  who  drank  a 
decoction  of  white  hellebore,  the  liquid  being  intended  as  an 
external  application  to  an  animal.  They  showed  serious  symptoms, 
but  ultimately  recovered. 

A  scientific  chemist  took  3-8  grms.  (58  grains)  of  the  tincture 
of  green  hellebore  for  the  purpose  of  experiment.  There  followed 
violent  symptoms  of  gastric  irritation,  vomiting,  and  diarrhoea, 
but  he  also  recovered.* 

Casper  relates  the  poisoning  of  a  whole  family  by  veratrum  ; 
from  the  stomach  of  the  mother  (who  died)  and  the  remains  of 
the  repast  (a  porridge  of  lentils)  veratrine  was  separated. 

^  Paber  f  recorded  the  poisoning  of  thirty  cows  by  veratrum ; 
eight  died,  and  it  is  noteworthy  that  violent  poisonous  symptoms 
were  produced  in  animals  partaking  of  their  flesh  and  milk. 

§  424.  The  symptoms  appear  soon  after  the  ingestion,  and 
consist  of  a  feeling  of  burning  in  the  mouth,  spreading  down- 
wards to  the  stomach,  increased  secretion  of  saliva,  and  difficulty 
of  swallowing ;  then  follow  violent  vomiting  and  diarrhoea,  with 
great  pain  in  the  bowels,  often  tenesmus ;  there  is  also  headache, 
giddiness,  a  feeling  of  anxiety,  and  the  pupils  are  dilated. 
The  consciousness  is  ordinarily  intact ;  the  pulse  is  weak  and 
slow,  and  the  breathing  embarrassed ;  the  skin  is  benumbed. 
There  may  be  also  formicating  feelings,  and  twitchings  in  the 
muscles,  with  occasionally  the  tetanic  cramps,  which  are  con- 
stantly seen  in  frogs.  In  cases  which  end  fatally,  the  disturbance 
of  the  breathing  and  circulation  increases,  and  death  takes  place 
in  collapse. 

An  important  case  of  slow  poisoning  is  on  record,:]:  in  which 
two  brothers,  aged  twenty-one  and  twenty-two  years,  died  after 
nine  and  eleven  weeks  of  illness,  evidently  from  repeated  small 
doses  of  the  powder  of  Veratrum  album.  They  became  very  weak 
and  thin,  suffered  from  diarrhosa  and  bloody  stools,  sleeplessness, 
disturbance  of  the  intellect,  and  delirium. 

§  425.  The  post-mortem  signs  do  not  appear  distinctive ;  even 
in  the  case  just  mentioned — in  which  one  would  expect  to  find, 
at  all  events,  an  extensive  catarrh  of  the  intestinal  canal — the 
results  seem  to  have  been  negative. 

§  426.  Separation  from  Organic  Matters. — The  method  of  Stas 
(by  which  the  organic  matters,  whether  the  contents  of  -  the 

*  Med.  Times  and  Gazette,  Jan.  3,  1863, 

+  Zeitsclir.f.  Staatsarzneik. ,  1862. 

t  Nivet  and  Geraud,  Gaz.  Hehdom,  1861. 


§  427,428.]  PHYSOSTIGMINE.  oil 

stomach  or  the  tissues,  are  treated  with  alcohol,  weakly  acidified 
by  tartaric  acid)  is  to  be  recommended.  After  filtering,  the 
alcoholic  extract  may  be  freed  from  alcohol  by  careful  distilla- 
tion, and  the  extract  taken  up  with  water.  By  now  acidifying 
gently  the  watery  extract,  and  shaking  it  up  with  ether  and 
chloroform,  fatty  matters,  resinous  substances,  and  other  im- 
purities, are  removed,  and  it  may  then  be  alkalised  by  soda  or 
potash,  and  the  veratrine  extracted  by  ether.  The  residue  should 
be  identified  by  the  hydrochloric  acid  and  by  the  sulphuric  acid 
and  bromine  reactions;  care  should  also  be  taken  to  ascertain 
whether  it  excites  sneezing. 


VIII.— PHYSOSTIGMINE. 

§  427.  The  ordeal  bean  of  Calabar  {Physosiigma  faha)  is  a 
large,  all  but  tasteless,  kidney-shaped  bean,  about  an  inch  in 
length  and  half  an  inch  thick ;  its  convex  edge  has  a  furrow  with 
elevated  ridges,  and  is  pierced  by  a  small  hole  at  one  extremity. 
The  integuments  are  cofiee-brown  in  colour,  thin,  hard,  and 
brittle ;  they  enclose  two  white  cotyledons,  easily  pulverisable, 
and  weighing  on  an  average  3-98  grms.  (61  grains).  The  seed 
contains  at  least  one  alkaloid,  termed  Fhysostigmine  (first  sepa- 
rated in  1864  by  Jobst  and  Hesse),  and  possibly  a  second, 
according  to  Harnach  and  Witkowsky,  who  have  discovered  in 
association  with  physostigmine  a  new  alkaloid,  which  they  call 
Calabarine,  and  which  difiers  from  physostigmine  in  being  in- 
soluble in  ether  and  soluble  in  water.  It  is  also  soluble  in 
alcohol;  and  further,  the  precipitate  produced  by  potassium  iodo- 
hydrargyrate  in  calabarine  solutions  is  insoluble  in  alcohol. 

§  428.  Physostigmine,  or  Eserine,  is  not  easily  obtained  in  a 
crystalline  state,  being  most  frequently  extracted  as  a  colourless 
varnish,  drying  into  brittle  masses.  It  is,  however,  quite  pos- 
sible to  obtain  it  in  the  form  of  partially-crystalline  crusts,  or 
even  rhombic  plates,  by  care  being  taken  to  perform  the  evapora- 
tion, and  all  the  operations,  at  as  low  a  temperature  as  possible, 
and  preferably  in  a  dimly -lit  room ;  for,  if  the  temperature  rises 
to  40°,  much  of  the  alkaloid  will  be  decomposed.  Hesse  recom- 
mends that  the  beans  be  extracted  by  alcohol,  the  alcoholic 
solution  alkalised  by  sodic  carbonate,  and  the  liquid  shaken  up 
with  ether,  which  will  retain  the  alkaloid.  The  ether  solution 
is  now  separated,  and  acidified  slightly  with  very  dilute  sulphuric 
acid ;  the  fluid,  of  course,  separates  into  two  layers,  the  lower  of 
which  contains  the  alkaloid  as  a  sulphate,  the  upper  is  the  ether, 
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which  IS  withdrawn,  and  the  acid  fluid  passed  through  a  moist 
falter.  _  The  whole  process  is  then  repeated  as  a  purification. 

Again,  Vee,  who  has  repeatedly  obtained  the  alkaloid  in  a 
crystalline  condition,  directs  the  extraction  of  the  beans  by 
alcohol,  the  alcoholic  solution  to  be  treated  as  before  with  sodic 
carbonate,  and  then  with  ether;  the  ethereal  solution  to  be 
evaporated  to  dryness,  dissolved  in  dilute  acid,  precipitated  by 
sugar  of  lead,  and  the  filtrate  from  this  precipitate  alkalised  l)y 
potassic  bicarbonate,  and  then  shaken  up  with  ether.  The 
ethereal  solution  is  permitted  to  evaporate  spontaneously,  the 
crystalline  crusts  are  dissolved  in  a  little  dilute  acid,  and  the 
solution  is  lastly  alkalised  by  potassic  bicarbonate,  when,  after  a 
few  minutes,  crystalline  plates  are  formed. 

The  formula  ascribed  to  physostigmine  is  OjgHgiNgO^.  It  is 
strongly  alkaline,  fully  neutrallising  acids  and  forming  tasteless 
salts.  It  is  easily  melted,  and  perhaps  partly  decomposed,  at  a 
temperature  of  45°;  at  100°  it  is  certainly  changed,  becoming  of 
a  red  colour,  and  forming  with  acids  a  red  solution.  It  dissolves 
easily  in  alcohol,  ether,  chloroform,  and  bisulphide  of  carbon, 
but  is  not  easily  soluble  in  water. 

The  salts  formed  by  the  alkaloid  with  the  acids  are  generally 
hygroscopic  and  uncrystallisable,  but  an  exception  is  met  Avith 
in  the  hydrobromide,  which  crystallises  in  stellate  groups.*  If 
OOo  is  passed  into  water  containing  the  alkaloid  in  suspension, 
a  clear  solution  is  obtained ;  but  the  slightest  warmth  decom- 
poses the  soluble  salt  and  reprecipitates  the  alkaloid.  The 
hydrargyc  hydroiodide  (Cj5H2iN302,HI,2IIgI)  is  a  white  precipi- 
tate, insoluble  in  Avater,  becoming  yellow  on  drying,  soluble  in 
ether  and  alcohol,  and  from  such  solutions  obtained  in  crystalline 
prismatic  groups.  A  heat  of  70°  melts  the  crystals,  and  they 
solidify  again  in  the  amorphous  condition. 

The  most  delicate  chemical  test  is  probably  that  of  Dragen- 
dorfi" — viz.,  the  production  of  a  marked  red  colour  in  a  solution  of 
the  sulphate  by  means  of  bromine  water.  It  succeeds  with  less 
than  -06  of  a  mgrm.f 

Concentrated  sulphuric  acid  dissolves  physostigmine  with  the 
production  of  a  yellow  colour,  changing  into  olive-green ;  nitric 
acid  (cone.)  also  gives  a  yellow  colour.  Ammonia  and  the  car- 
bonated alkalies  precipitate  the  alkaloid  from  an  acetic  acid  solu- 
tion in  the  form  of  oily  drops.  Other  precipitants  are  tannic 
acid,  which  throws  down  from  a  solution  of  the  hydrocliloride  a 
reddish-white  flocculent  precipitate,  not  easily  soluble  in  hydro- 


*  M.  Duquesnel,  Pharm.  J.  Trans.  [3],  v.,  S47. 
t  Husemann's  Jahresbtricht.  1872. 
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oticinal  in  this  country        .'J^^^^p^il/fo^^^^^^^^^  applica- 

Ln,  the  dose  of  whieh  .s  not  ^^X?  oTexperiment^ 

S  430.  Effects  on  Ammals.—J^  large  numue  r 
hale  been  made  upon  animals  with  P^y^^S^^'jCl^^^^ 
.iththe  -P--*;'tetit':f  cS^ri™  to  be  the 
t^^STo-'tLtWtstigmine-^^^^ 

ami  Witkowsky*  made,  however,  some  researches  with  pure 
Xvsost  .mtoe  of  which  the  following  are  the  mam  results 
Srsm  Jerktl  dose  for  rabbits  is  3  mgrm.  p«  k.l^^^ 

er^aerTe^:.^;LSre\lS^^ 

the  power  of  spontaneous  movement,  and  the  sensibility  is 
MSecl;  late?,  the  breathing  ceases,  and  the  reflex  i^ritabd^^^^ 
becomes  extinguished.    The  activity  of  the  heart  is  through 
mgrm.  slowed,  but  at  the  same  time  strengthened. 

The  warm-blooded  animals  experimented  upon  show  aj^ic 
paralysis  of  the  respiratory  centre,  but  the  animal  by  arUficia 
LspiJation  can  be  saved.    Fibrillar  ----l-r.^^i^f  ^ 
the  muscles  of  the  body  are  observed.    Death  Allows  m  ali 
cases  from  paralysis  of  the  respiration.    Experiments  (fir  t  by 
Bexold,then  by  Eraser  and  Bartholow,  and  lastly  ^^Y  S«^™ff 
have  amply  shown  that  atropine  is,  to  a  certain  extent  an 
antidote  for  physostigmine  poisoning.    Fraser  also  maintains 
an  antagonism   between  strychnine  and   physostigmine,  and 
Bennet  that  chloral  hydrate  is  antagonistic  to  physostigmine. 

Effects  on  to.— The  bean  has  long  been  used  by  the  super- 
stitious tribes  of  the  West  Coast  of  Africa  as  an  ordeal,  and  is 
so  implicitly  believed  in  that  the  innocent,  when  accused  ot  theft, 
will  swallow  it,  in  the  full  conviction  that  their  mnocency  will 
protect  them,  and  that  they  will  vomit  up  the  bean  a,nd  live. 
In  this  way,  no  doubt,  life  has  often  been  sacrificed.  Christison 
experimented  upon  himself  with  the  bean,  and  nearly  lost  his 
life  He  took  12  grains,  and  was  then  seized  with  giddiness  and 
a  general  feeling  of  torpor.    Being  alarmed  at  the  symptoms,  he 

♦  Arch.  J.  Patliol.  u.  Pharm.,  1876,  Bel.  v. 
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wTstllf'^i,'^  '1'^-  g^^^^'  f--*'  seemed 

eLemelv  feeW.  ^,^^^°^lf .  P^^er;  the  heart  and  pulse  were 
TsleeB  a^d  £  '  f  ^^^^  irregularly.  He  afterwards  fell  into 
a  Sleep,  and  the  next  day  he  was  quite  well 

by  eattnc?lt  '^^^^^^^^  ^^^^  P°i«°^«d  at  Liverpool 

&  SitTr-f  ^  i^^d  been  thrown  on  a  rubbish 

Atrica.    A  boy,  aged  six,  eat  six  beans,  and  died.   In  April  of 

Ind  ST  thl'b '  I""  years,  cheted 

and  eat  the  broken  fragments  of  one  bean ;  the  usual  symptoms 

recovered.  Physostigmine  contracts  the  iris  to  a  point  •  the 
action  IS  quite  local,  and  is  confined  to  the  eye  to  wh  ch  it  is 

effec?  if  r  r  .  '  T.''  ^<^^ording  to  others,  it  has  a  wkk 
effect  m  contracting  the  pupil.  In  any  case,  the  difference  of 
opinion  shows  that  the  effect,  when  internally  administered,  is 
not  one  ot  a  marked  character. 

§  431.  Physiological  Actiooi.—The  physiological  action  of 
physostigmine  IS  strikingly  like  that  of  nicotine,  which  it 
resembles  in  being  a  respiratory  poison,  first  exciting,  after- 
wards paralysing  the  vagus.  Like  nicotine,  also,  it  produces  a 
great  loss  of  muscular  power;  it  first  excites,  and  then  paralyses 
the  intra-muscular  terminations  of  the  nerves ;  and,  again,  like 
nicotine,  it  induces  a  tetanus  of  the  intestine.  A  difference 
between  physostigmine  and  nicotine  exists  in  the  constant  con- 
vulsive effects  of  the  former,  and  in  the  greater  influence  on  the 
heart  of  the  latter. 

§  432.  Post-mortem  Appearances.— But  little  is  known  relative 
to  the  post-mortem  appearances  likely  to  be  found  in  human 
poisoning;  redness  of  the  stomach  and  intestines  is  probably 
the  chief  sign. 

§  433.  Separation  of  Physostigmine.— For  the  extraction  of 
physostigmine  from  the  fluids  of  the  body,  Dragendorff  recom- 
mends benzene:  the  alcoholic  filtered  extract  (first  acidified) 
may  be  agitated  with  such  solvents  as  petroleum  and  benzene, 
m  order  to  remove  colouring  matter ;  then  alkalised  and  shaken 
up  with  benzene,  and  the  latter  allowed  to  evaporate  spontane- 
ously— all  the  operations  being,  as  before  stated,  carried  on 
under  40°.     If  much  coloured,  it  may  be  purified  according 
to  the  principles  before  mentioned.    In  cases  where  enough  of 
the  extract  (or  other  medicinal  preparation)  has  been  taken  to 
destroy  life,  the  analyst,  with  proper  care,  would  probably  not 
have  much  ditficulty  in  separating  a  small  quantity  of  the  active 
principle.     It  is  rapidly  eliminated  by  the  saliva  and  other 
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secretions.  In  most  cases  it  will  be  necessary  to  identify 
physostigmine  by  its  physiological  activity,  as  well  as  by  its 
chemical  characters.  For  this  purpose  a  small  quantity  of 
the  substance  should  be  inserted  in  the  eye  of  a  rabbit; 
if  it  contains  the  alkaloid  in  question,  in  twenty  minutes, 
at  the  very  latest,  there  will  be  a  strong  contraction  of  the 
pupil,  and  a  congested  state  of  the  conjunctival  vessels.  Further 
researches  may  be  made  with  a  small  quantity  on  a  bird  or 
frog.  The  chief  symptoms  observed  will  be  those  of  paralysis 
of  the  respiratory  and  voluntary  muscles,  followed  by  death.  If 
a  solution  is  applied  to  the  web  of  a  frog's  foot,  the  blood-vessels 
become  dilated.  Physostigmine  appears,  according  to  Dragen- 
dorff  and  Pander,  to  act  as  an  irritant,  for  they  always  observed 
gastro-enteritis  as  a  result  of  the  poison,  even  when  injected 
subcutaneously.  The  enhanced  secretion  from  all  mucous 
surfaces,  and  the  enlargement  of  the  blood-vessels,  are  also 
very  constant  symptoms.  But  of  all  these  characteristics,  the 
contraction  of  the  pupil  is,  for  the  purposes  of  identification,  the 
principal.  A  substance  extracted  from  the  tissues  or  other 
organic  matters,  in  the  manner  mentioned,  strongly  contracting 
the  pupil  and  giving  the  bromine  reaction,  would,  in  the  present 
state  of  our  knowledge,  be  indicative  of  physostigmine,  and  of 
that  alone. 

§  434.  Fatal  Dose  of  Physostigmine. — One  mgrm.  (-015  grain)  as 
sulphate,  given  by  Vee  to  a  woman  subcutaneously,  caused 
vomiting,  &c.,  after  half  an  hour.  A  disciple  of  Gubler's  took 
2  mgrms.  without  apparent  effect;  but  another  mgrm.,  a  little 
time  after,  caused  great  contraction  of  the  pupil  and  very 
serious  symptoms,  which  entirely  passed  off  in  four  hours.  It 
would  thus  seem  that  three  times  this  {i.e.,  6  mgrms.)  would  be 
likely  to  be  dangerous.  If  so,  man  is  far  more  sensitive  to 
physostigmine  than  dogs  or  cats ;  and  3  mgrms.  per  kilo. — that  is 
about  205  mgrm.  (3  grains) — would  be  much  beyond  the  least 
fatal  dose. 


IX.— PILOCARPINE. 

§  435.  From  the  leaves  of  the  jaborandi,  Filocarpius  pennata- 

f alius  (Nat.  Ord.  Rutaceai),  two  alkaloids  have  been  separated  

jahorandi  and  pilocarpine. 

Jaborandi  (OjoHjgNgOg)  is  a  strong  base,  differing  from  pilo- 
carpine in  its  sparing  solubility  in  water,  and  more  ready 
solubility  in  ether ;  its  salts  are  soluble  in  water  and  alcohol 
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but  do  not  crystallise.  P.  Ghastaing  *  by  treating  pilocarpine 
with  a  large  quantity  of  nitric  acid,  obtained  nitrate  of  jaborandi, 
and  operating  in  the  same  Avay  with  hydrochloric  acid,  obtained 
the  hydrochlorate  of  jaborandi;  hence,  it  seems  that  jaborandi  is 
derived  from  pilocarpine. 

§  436.  Pilocarpine  (Oi^HjgNgO.^)  is  a  soft  gelatinous  mass,  but 
it  forms  with  the  mineral  acids  crystallisable  salts.  The  nitrate 
and  hydrochloride  are  at  present  much  used  in  pharmacy. 
Pilocarpine  gives  a  precipitate  with  phosphomolybdic  acid, 
potassio-mercuric  iodide,  and  most  general  alkaloidal  reagents, 
but  none  that  are  very  distinctive.  When  a  solution  of  gold 
chloride  is  added  to  one  of  pilocarpine,  a  salt  falls,  having  the 
composition  0^;^H;^gN202,H01  +  AuOlg.  It  is  not  very  soluble  in 
water  (about  1  in  4600),  and  has  been  utilised  for  the  estimation 
of  pilocarpine.  Pilocarpine  fused  with  potash  yields  trimethyla- 
mine,  carbon  dioxide,  butyric,  and  traces  of  acetic  acid.  Pilocar- 
pine dissolves  without  the  production  of  colour  in  sulphuric 
acid ;  but,  with  bichromate  of  potash  and  sulphui-ic  acid,  a  green 
colour  is  produced.  It  may  be  extracted  from  an  aqueous 
solution  made  alkaline  by  ammonia,  by  shaking  up  with 
chloroform  or  benzene. 

§  437.  Effects. — Pilocarpine,  given  subcutaneously  in  doses  of 
about  32  mgrms.  (J  grain),  causes  within  five  minutes  a  profuse 
perspiration  and  salivation,  the  face  becomes  flushed,  and  the 
whole  body  sweats ;  at  the  same  time,  the  buccal  secretion  is  so 
much  increased  that  in  a  few  hours  over  a  pint  may  be  secreted. 
The  tears,  the  bronchial  secretion,  and  the  intestinal  secretions 
are  also  augmented ;  there  are  generally  headache  and  a  frequent 
desire  to  pass  water;  the  pulse  is  much  quickened,  and  the 
temperature  falls  from  4°  to  l°-4:  the  symptoms  last  from  two  to 
five  hours.  Langley  has  shown  that  the  over-action  of  the 
submaxillary  gland  is  not  affected  by  section  either  of  the  chorda 
tympani.,  or  of  the  sympathetic  supplying  the  gland.  Although 
pilocarpine  quickens  the  pulse  of  man,  it  slows,  according  to 
Langley,  t  the  heart  of  the  warm-blooded  animals,  and  that  of 
the  frog.  With  regard  to  the  frog.  Dr.  S.  Ringer's  researches 
are  confirmatory.  With  large  doses  the  heart  stops  in  diastole. 
If  to  the  heart  thus  slowed,  or  even  when  recently  stopped,  a 
minute  quantity  of  atropine  be  applied,  it  begins  to  beat  again. 
There  is  also  a  most  complete  antagonism  between  atropine  and 
pilocarpine  in  other  respects,  atropine  stopping  the  excessive 

*  Comrit.  Rend.,  vol.  xciv.,  p.  223. 

t  "The  Action  of  Jaborandi  on  the  Heart,"  by  J.  N.  Langley,  i3.A,, 
Journ.  Anal,  and  Physiol.,  vol.  x.,  p.  187. 
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perspiration,  and  relieving  the  lieadaclie  and.  pain  about  the 
Ses^c.  Pilocarpine,  given  internally,  does  not  alter  the  size 
of  the  pupil,  but  the  sight  may,  with  large  doses,  be  aflfected.  If 
a  solution  is  applied  direct  to  the  eye,  then  the  pupil  contracts 
No  fatal  case  of  its  administration  has  occurred  m  man.  Ihe 
probable  dangerous  dose  would  be  about  130  mgrms  (2  grains 
administered  subcutaneously.  Pilocarpine  must  be  classed 
among  the  heart  poisons. 


X.— TAXINE. 

§  438.  The  leaves  and  berries,  and  probably  other  parts  of  the 
common  yew  {Taxus  baccaia),  are  poisonous.  The  poison  is  pro- 
bably due  to  an  alkaloid  (as  yet  imperfectly  studied),  which  was 
separated  by  Marme,  and  who  called  it  taxine.  Taxme  is  a 
snow-white  powder  of  bitter  taste,  with  difficulty  soluble  in 
water,  but  dissolving  in  alcohol,  ether,  and  diluted  acids.  It 
gives  with  phosphomolybdic  acid  a  canary-yellow  precipitate, 
and  with  tannin  a  white  precipitate,  becoming  crystalline^  on 
standing.  Picric  acid  gives  a  yellow  precipitate,  and  iodised 
potassium  iodide  reddish-brown  crystals.*  It  may  be  extracted 
from  fluids  made  ammoniacal  by  chloroform,  or  benzene.  Con- 
centrated sulphuric  acid  strikes  with  it  a  red  colour.  The 
platinum,  gold,  and  mercuric  compounds  are  easily  soluble. 

§  439.  Poisoning  by  Tew. — Falck  has  been  able  to  collect  no 
less  than  32  cases  of  poisoning  by  different  parts  of  the  yew — 
9  were  from  the  berries,  and  the  rest  from  the  leaves.  They 
were  all  accidental;  20  persons  died,  or  62-5  per  cent. 

§  440.  affects  on  Animals — Physiological  Action. — From  the 
researches  of  Marme-Borchers,  it  appears  that  taxine  acts  upon 
the  nervous  centres — the  nervous  trunks  themselves  and  the 
muscles  remaining  with  their  excitability  unimpaired,  even  some 
time  after  death.  Taxine  kills  through  paralysis  of  the  respira- 
tion, the  heart  beating  after  the  breathing  has  stopped.  The 
leaves  contain  much  formic  acid,  and  their  irritant  action  on  the 
intestine  is  referred  to  this  cause. 

§  441.  Effects  on  Man. — Several  deaths  from  yew  have 
resulted  in  lunatic  asylums  from  the  patients  chewing  the 
leaves.  For  example,  a  few  years  ago,  at  the  Cheshire  County 
Asylum,  a  female,  aged  forty-one,  was  suddenly  taken  ill,  ap- 


*  D.  Amato  and  A.  Capparelli :  Oaz.  Ck'im.  Ital.,  vol.  x.,  pp.  349-355  ; 
Joiirn.  C'hem.  Soc,  1880,  p.  899. 
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imperceptible.    JJpon  the  administration  of  stimulants  she  some- 
what revived,  but  m  a  little  Mobile  became  quite  unconscious 
The  pupils  were  contracted,  and  there  were  epileptiform  convut 
sions,  succeeded  by  stertorous  breathing.    These  convuWs 
returned  from  time  to  time,  the  action%f  the  Lrrt  betme 
weaker,  and  there  was  a  remarkable  slowing  of  the  re^irations 
with  long  intervals  between  the  breathing.    The  woman  dTed 
withm  an  hour  from  the  time  when  her  illnesT  was  first 
observed,  and  withm  two  hours  of  eating  the  leaves.  Yew 
leaves  were  found  m  her  stomach.    In  another  case  that  occurred 
at  the  ParksideAsylum,>^  the  patient  died  suddenly  in  a  sort  of 
epileptic  fit.     Yew  leaves  were  again  found  in  the  stomach. 
In  a  case  quoted  by  Taylor,  m  which  a  decoction  of  the  leaves 
was  drunk  by  a  girl,  aged  15,  for  the  purpose  of  exciting  men- 
struation, she_  took  the  decoction  on  four  successive  mornings 
Severe  vomiting  followed,  and  she  died  eight  hours  after  taking 
the  last  dose.    In  another  case,  there  were  also  no  symptoms 
except  vomiting,  followed  by  rapid  death.    Mr.  Hurt,  of  Mans- 
field, has  recorded  a  case  of  poisoning  by  the  berries.    The  child 
died  m  convulsions  before  it  was  seen  by  any  medical  man 

From  these  and  other  recorded  cases,  the  symptoms  seem 
generally  to  be  a  quick  pulse,  fainting  or  collapse,  nausea, 
vomiting,  convulsions,  slow  respiration,  and  death,  as  a  rule 
sudden_  and  unexpected.  We  may  suppose  that  the  sudden 
death  is  really  due  to  a  rapid  paralysis  of  the  respiration, 
and  sufibcation. 

§  442.  Post-Mortem  Ajjpearances. — In  the  case  of  the  girl  who 
drank  the  decoction,  nothing  unusual  was  observed  in  the 
stomach  or  organs  of  the  body ;  but  when  the  leaves  have  been 
eaten,  usually  more  or  less  congestion  of  the  mucous  membrane 
of  the  stomach,  as  well  as  of  the  bowels  is  apparent.  In 
the  case  of  the  child  who  eat  the  berries  (Hurt's  case),  the 
stoniach  was  filled  with  mucous  and  lialf-digested  pulp  of  the 
berries  and  seeds.  The  mucous  membrane  was  red  in  patches 
and  softened,  and  the  small  intestines  were  also  inflamed. 


XI.— CUEARINE. 

§  443.  Commercial  curare  is  a  black,  shining,  resinoid  mass, 
about  83  per  cent,  of  which  is  soluble  in  water,  and  79  in  weak 
spirit.    It  is  a  complicated  mixture  of  vegetable  extracts,  from 


*  Phar.  Journ.  [3],  No.  294. 
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which,  however,  a  definite  principle  possessing  basic  characters 
(curarine)  has  been  separated. 

The  extract  is  an  arrow  poison  prepared  by  diflPerent  tribes  of 
Indians  in  South  America,  between  the  Amazon  and  the 
Orinoco;  therefore,  samples  are  found  to  vary  much  in  their 
poisoning  properties,  although  it  is  noticeable  that  qualitatively 
they  are  the  same,  and  produce  closely  analogous  symptoms. 
It  is  supposed  that  some  of  the  curare  is  derived  from  different 
species  of  strychnia.  This  is  the  more  probable,  because,  as 
before  stated,  the  South  American  strychnines  paralyse,  _  and  do 
not  tetanise.  It  is  not  unlikely  that  the  active  principles  of 
curare  (or  woorari)  may  be  methyl  compounds  similar  to  those 
which  have  been  artificially  prepared,  such  as  methyl  strychnine 
and  methyl  brucine,  both  of  which  have  a  curare-like  action. 

Curarine  was  first  separated  by  Preyer  in  a  crystalline  form 
in  1865.  He  extracted  curare  with  boiling  alcohol,  to  which  a 
few  drops  of  soda  solution  had  been  added,  evaporated  off  the 
alcohol,  took  up  the  extract  with  water,  and,  after  filtration, 
precipitated  by  phosphomolybdic  acid,  which  had  been  acidified 
with  nitric  acid.  The  precipitate  was  dried  up  with  baryta  water, 
exhausted  with  boiling  alcohol,  and  curarine  precipitated  from 
the  alcoholic  solution  by  anhydrous  ether.  It  may  also  be 
obtained  by  precipitating  with  mercuric  chloride  solution,  and 
throwing  out  the  mercury  afterwards  by  means  of  hydric 
sulphide,  &c. 

Curarine,  when  pure,  forms  colourless,  four-sided,  very  hygro- 
scopic prisms  of  bitter  taste,  and  weakly  alkaline  reaction  ; 
soluble  in  water  and  alcohol  in  all  proportions,  but  with 
difiiculty  soluble  in  amyl  alcohol  and  chloroform,  and  not  at  all 
in  anhydrous  ether,  bisulphide  of  carbon,  or  benzene.  The  base 
forms  crystallisable  salts  with  hydrochloric,  nitric,  and  acetic 
acids.  Curarine  strikes  a  purple  colour  with  strong  nitric  acid. 
Concentrated  solutions  of  curarine  mixed  with  dilute  glycerine, 
give  an  amorphous  precipitate  with  potassic  bichromate,  and  the 
precipitate  treated  with  sulphuric  acid  strikes  a  beautiful  blue 
colour.  Curarine  chromate  is  distinguished  from  strychnine 
chromate  by  its  amorphous  character,  and  by  its  comparatively 
easy  solubility.  If  the  chromates  of  strychnine  and  curarine  be 
mixed,  and  the  mixed  chromates  be  treated  with  ammonia, 
strychnine  will  be  precipitated,  and  curarine  pass  into  solution, 
thus  forming  a  ready  method  of  separating  them. 

_  §  444.  Physiological  Effects.  —  According  to  Voisin  and 
Liouville's  experiments,  subcutaneous  injections  of  curare  on 
man  cause,  in  small  doses,  strong  irritation  at  the  place  of 
application,  swelling,  and  pain.    The  temperature  of  the  body  is 
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raised  from  i;  to  2°,  and  the  number  of  respirations  increased  from 
4  to  b  per  minute.  The  pulse  becomes  somewhat  stronger  and 
more  powerful.  The  urine  is  increased,  and  contains  sugar  Lar-e 
doses  administered  to  warm-blooded  anipals  cause,  after  a  short 
time,  complete  paralysis  of  voluntary  motion  and  of  reflex 
excitability,  and  the  animal  dies  in  asphyxia,  the  heart  con- 
tinuing to  beat. 

This  state  is  best  produced  for  the  purpose  of  experiment  on 
frogs,^  and,  indeed,  is  the  best  test  for  the  poison.  A  very  minute 
dose  injected  beneath  the  skin  of  a  frog  soon  paralyses  both  the 
voluntary  and  respiratory  muscles;  the  animal  continues  to 
breath  by  the  skin;  the  heart  beats  normally,  or,  perhaps,  a 
little  weakly,  and  the  frog  may  remain  in  this  motionless  con- 
dition for  days,  and  yet  recover.  '  Only  curare  and  its  congeners 
have  this  effect.  By  tying  the  femoral  artery  of  one  of  the 
frog's  legs  before  administering  the  poison,  an  insight  into  the 
true  action  of  the  drug  is  obtained.  It  is  then  found  that  the 
reflex  excitability  and  power  of  motion  in  the  leg  are  retained, 
although  all  the  rest  of  the  body  is  paralysed:  The  only 
explanation  of  this  is  that  curare  does  not  act  centrally,  but 
paralyses  the  intramuscular  ends  of  the  motor  nerves.  Curare 
is  eliminated  partly  through  the  liver  and  partly  through 
the  kidneys.  Dragendorff  found  it  in  the  fseces,  while  a  strik- 
ing proof  that  it  is  excreted  by  the  kidneys  is  given  by  the 
experiment  of  Bidder,*  in  which  the  urine  of  a  frog  poisoned 
by  curare  was  made  to  poison  a  second,  and  the  urine  of  this 
second,  a  third.  The  easy  excretion  of  curare  through  the 
kidneys  furnishes  explanation  of  the  relatively  large  dose  of 
curare  which  can  be  taken  by  the  stomach  without  injury.  A 
dose  which,  given  by  subcutaneous  injection,  would  produce 
violent  symptoms,  perhaps  death,  may  yet  be  swallowed,  and  no 
ill  effects  follow.  It  is  hence  presumed  that,  in  the  first  case, 
the  poison  is,  comparatively  speaking,  slowly  absorbed,  and 
almost  as  fast  separated,  and  put,  as  it  were,  outside  the  body 
by  going  into  the  urine ;  while,  in  the  other  case,  the  whole 
dose  is  thrown  suddenly  into  the  circulation. 

§  445.  Separation  of  C'urarine. — It  is  hardly  probable  that  the 
toxicologist  will  have  to  look  for  curarine,  unless  it  has  entered 
the  body  by  means  of  a  wound  or  by  subcutaneous  injection ;  so 
that  in  all  cases  the  absorbed  poison  alone  must  be  sought  for. 
The  seat  of  entry,  the  liver,  the  kidneys,  and  the  urine  are  the 
only  parts  likely  to  be  of  any  use.  Dragendorff  recommends  to 
extract  the  tissues  with  water  feebly  acidulated  with  a  mineral 


*  Arcluf.  Anat.  v.  Physiol.,  1879,  p.  598. 
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acid,  to  precipitate  albuminous  matters,  &c.,  by  strong  alcohol, 
and'separate,  by  means  of  benzene,  fatty  matters.  The  liquid  is 
then  made  alkaline,  and  shaken  up  with  petroleum  ether,  which 
removes  certain  alkaloidal  matters.  It  is  now  evaporated  to 
dryness,  mixed  with  finely-powdered  glass,  and  extracted  with 
absolute  alcohol.  The  alcohol  is  evaporated  to  dryness,  and  any 
curarine  extracted  from  this  residue  with  water.  By  very 
careful  drying  up  of  this  last  extract,  and  taking  it  up  in  alcohol, 
the  alkaloid  is  said  to  be  obtained  so  pure  as  to  respond  to 
chemical  tests.  The  identification  may  be  by  the  colour  reaction 
of  sulphuric  acid  described  ante,  in  all  cases  supplemented  by 
its  physiological  action  on  frogs.* 


XII.— COLOHICINE. 

§  446.  The  whole  of  the  Colchicum  autumnale,  or  common 
meadow-saffron,  is  poisonous,  owing  to  the  presence  of  an  alkaloid 
{discovered  by  Pelletier  and  Oaventou)  called  Colchicine. 

*  It  is  known  that  curare  may  cause  slight  symptoms  of  excitation  before 
the  paralysis  comes  on.  M.  Couty  has  succeeded  in  isolating  these  symptoms 
by  employing  feeble  extracts  of  strychnos  triplinervia,  or  small  doses  of 
certain  native  preparations.  By  these  means,  in  dogs,  a  new  phase  of 
intoxication  may  be  present  for  ten  or  even  twenty  minutes.  In  the  first 
instance  the  animal  is  agitated,  jumping,  scratching,  barking,  as  if  in  a 
state  of  general  hypersesthesia.  Then  it  presents  half  choreic  shocks  or 
tremors  ;  the  pupUs  dilate,  and  are  alternately  dUated  and  contracted.  The 
heart's  action  is  increased  or  diminished  in  frequency  ;  sometimes  there  is 
vomiting,  micturition,  or  defecation;  and  there  is  always  salivation. 
Finally,  the  central  and  peripheral  temperature  are  raised,  and  the  excit- 
ability of  the  muscles  and  nerves  becomes  highly  increased.  With  the 
native  preparation  of  curare,  it  is  impossible  to  prolong  this  stage,  and 
symptoms  of  paralysis  soon  become  associated  with  those  of  excitement. 
The  choreic  shocks  were  found  to  be  arrested  by  section  of  the  sciatic 
nerve.  Other  experiments  proved  that  the  spasms  originated  from  the 
spinal  chord,  and  were  influenced  by  its  preceding  functional  condition. 
If  the  cord  was  tied  in  the  mid-dorsal  region,  and  the  curare  injected,  the 
spasms  were  still  produced  in  the  hind  legs  ;  but  if,  after  the  operation,  the 
excitability  of  the  posterior  segment  became  lowered,  the  spasm  was  no 
longer  produced  in  the  hind  legs.  This  dependence  on  a  perfect  functional 
activity  is  a  point  of  difference  of  these  spasms  from  those  produced  by 
strychnine,  and  by  asphyxia.  The  action  of  small  doses  of  curare  is  not, 
however,  hmited  to  the  spinal  cord.  The  diminished  frequency  of  the 
heart  continues  after  section  of  the  pneumogastrics,  and  will  even  occur  if 
the  pneumogastrics  have  been  previously  divided.  From  these  facts  M .  Couty 
considers  that  curare  must  not  be  regarded  as  entirely  destitute  of  a  "  con- 
vulsivant"  action,  nor  of  au  action  on  the  central  nervous  system. 
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According  to  Johannson's  experiments,  the  dried  colchicum 
seeds  contain  1-15  per  cent,  of  colchicine  ;  the  leaves,  1-459  per 
cent.  ;  the  bulbs,  from  1-4  to  1-58  per  cent.  ;  and  the  roots,  0-634 
per  cent.  _  ihe  frequent  poisoning  of  cattle  in  the  autumn  by 
colchicum.  Its  use  in  quack  pills  for  rheumatism,  and  its  supposed 
''^f^jonal presence  in  beer,  give  it  an  analytical  importancef 

§  447  <:'0^c7i^c^?^e  (Cj^H^gNOg)  may  be  extracted  from  the  seeds, 
&c.,  m  the  manner  recommended  by  Hubler  :— The  seeds  are 
treated,  without  crushing,  by  hot  90  per  cent,  alcohol,  and  the 
alcoholic  solution  evaporated  to  a  syrup,  which  is  diluted  with 
twenty  times  its  bulk  of  water  and  filtered  ;  the  liquid  is  next 
treated  with  acetate  of  lead,  again  filtered,  and  the  lead  thrown 
out  by  phosphate  of  soda.  Colchicine  is  now  precipitated  as 
a  tannate,*  the  formula  of  which,  according  to  Hubler,  is 
^^i7Hi9NO5,2027H22Oj7.  The  precipitation  is  best  fractional,  'the 
first  and  last  portions  being  rejected  as  containing  impurities. 
The  tannate  is  decomposed  in  the  usual  way  with  litharge,  and 
extracted  by  alcohol.  ° 

A  simpler  method  is,  however,  extraction  by  chloroform  from 
an  aqueous  solution,  feebly  acidified,  as  recommended  by  Dragen- 
dorfi".  The  parts  of  the  plant  are  digested  in  very  dilute  acid 
water,  and  the  resulting  solution  concentrated  and  shaken  up 
with  chloroform,  which  is  best  done  in  the  separating  tube 
described  and  figured  (p.  142). 

Colchicine  is  usually  obtained  as  a  yellowish-white,  gummy, 
or  resinous  mass ;  but  it  is  also  possible  to  obtain  it  in  crystalline 
needles  and  prisms.  It  softens  at  130°,  and  at  140°  melts  ;  it  dis- 
solves slowly  but  in  every  proportion  in  water;  the  solution 
is  neutral.  It  dissolves  easily  in  spirit.  Pure  colchicine  is 
said  by  Hiibler  not  to  dissolve  in  ether — a  statement  contra- 
dicted by  Geiger  and  Hesse,  with  whom  Dragendorff"  agrees,  and 
adds,  that  it  is  also  soluble  in  benzene,  amyl  alcohol,  and  chloro- 
form, but  not  in  petroleum  ether.  Dilute  acids  and  alkalies  dis- 
solve it,  the  solution  becoming  slowly  or  quickly  coloured 
intensely  yellow,  whilst  a  decomposition  takes  place.  Boiling 
with  dilute  acid,  and  also  the  protracted  action  of  baryta  water 
in  closed  tubes,  forms  cokhiceine.  Concentrated  potash-lye  gives, 
upon  heating  with  it,  a  brown  resinous  substance. 

ColcMceine  crystallises  in  needles,  or  in  glittering  plates,  and 
tastes  less  bitter  than  colchicine  ;  it  melts  at  155°,  dissolves  but 


*  The  purest  tannic  acid  must  be  used.  The  commei'cial  tannin  may  be 
purified  by  evaporating  to  dryness  with  litharge,  exhausting  the  tannate  of 
lead  repeatedly  with  boiling  alcohol  and  water,  and,  lastly,  suspending  in 
water,  and  separating  the  lead  by  SH2. 
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little  in  cold,  copiously  in  boiling,  water.  Its  difficult  solubility 
in  cold  water  may  be  taken  advantage  of  to  separate  it  from 
colchicine ;  according  to  Dragendorff,  a  sufficient  quantity  of 
water  for  this  purpose  must  be  used,  since  it  is  more  soluble  m 
solutions  of  colchicine  than  in  pure  water ;  is  soluble  m  chloroform, 
methyl  and  ethyl  alcohols,  but  soluble  with  difficulty  m  ether. 
It  appears  to  be  an  acid,  forming  salts  with  the  alkalies  ;  its 
precipitants  are— tannic  acid,  phosphomolybdic  acid,  picric  acid, 

chloride  of  gold,  &c.  •  i    .  i,  • 

Colchiceine  gives  a  remarkable  series  of  colours  with  the  in- 
organic acids— a  property  which  may  be  utilised  as  a  test  either 
for  the  presence  of  colchicine,  or,  conversely,  for  the  presence  of 
mineral  acid  in  such  liquids  as  vinegar,  &c.  Concentrated  nitric 
acid  of  1-4  specific  gravity  colours  either  colchiceine  or  colchi- 
cetine  violet-blue,  changing  into  yellow,  and  lastly  passing  into 
wreen.  If  the  violet  solution  is  diluted  with  water  it  becomes 
yellow,  and,  on  the  addition  of  soda,  a  beautiful  orange-yellow  or 
red.  Concentrated  sulphuric  acid  dissolves  colchiceine  with  an 
intense  yellow,  and  if  to  this  solution  a  drop  of  nitric  acid  be 
added,  a  dark  brown  zone  is  produced,  passing  gradually  through 
violet  and  brown  into  yellow. 

The  action  of  acids  is  also  very  distinctive,  although  slightly 
different  in  the  case  of  an  acid  directly  added  to  an  infusion  of 
the  seeds.  Thus,  if  a  little  colchicine  be  extracted  by  alcohol 
and  water  from  a  few  grains  of  the  seeds,  and  the  yellowish 
solution  diluted  until  the  colour  is  scarcely  perceptible,  con- 
centrated sulphuric  or  nitric  acid  gives  a  very  pronounced 
yellow,  which  a  drop  of  HCl  changes  to  a  blue-violet.  Nitric 
acid  dropped  into  another  portion  of  the  same  solution  concen- 
trated, with  the  addition  of  a  fragment  of  sodium  acetate, 
develops  an  orange  colour. 

The  precipitants  of  colchicine  are  chiefly  chloride  of  gold  and 
phosphomolybdic  *  and  tannic  acids.  Picric  acid,  potassio-cadmic 
iodide,  and  potassio-hydrargyric  iodide  give  no  precipitate. 
Chlorine  water  causes,  in  a  watery  solution  of  colchicine,  a  yellow 
precipitate,  which  dissolves  in  ammonia  with  an  orange  colour. 

§  448.  Pharmaceutical  Freparations. — Colchicine  itself  is  offici- 
nal in  Austria — the  wine  in  the  British,  French,  and  Dutch,  and 
the  seeds  themselves  in  all  the  pharmacopoeias.  The  wine  of 
colchicum,  officinal  in  nearly  all  the  pharmacopoeias,  is  made  with 
very  different  proportions  of  seeds  or  bulbs,  as  the  table  on  next 
page  shows. 

*  It  is  useful  to  know  that  the  phosphomolybdate  of  colchicine  gives  all 
the  colour  reactions  of  pure  colchicine. 
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^  The  tincture  of  colchicum  is  ofBcinal  in  our  own  and  in  all  the 
Continental  pharmacopoeias ;  in  the  British,  2}  oz.  of  seeds  are 
exhausted  by  20  oz.  of  proof  spirit. 

A  tincture  of  colchicum  seeds,  examined  by  Johannson,  con- 
tained -18  per  cent,  of  colchicine,  and  a  tincture  prepared  from 
the  bulbs  -14  per  cent. 

TABLE  XVIII.-PORMULAS  OP  VARIOUS  PHARMACOPCEIA.S 
POR  COLCHICUM  WINE. 
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Colchicum  vinegar  is  not  officinal  in  Britain,  but  one  contain- 
ing 5-4  per  cent,  of  acetic  acid  is  so  in  the  Netherlands,  Germany, 
and  France ;  the  strength  appears  to  be  about  -095  per  cent,  of 
colchicine. 

An  extract  of  colchicum  is  officinal  in  Britain  and  France  ; 
and  an  acetic  extract  in  Britain.  The  latter  is  the  most  active  of 
all  the  pharinaceutical  preparations  of  colchicum. 

Lastly,  an  oxymel  of  colchicum  is  in  use  in  Germany,  France, 
and  the  Netherlands. 

Quack  and  Patent  Medicines. — In  all  specifics  for  gout  the 
analyst  will  naturally  search  for  colchicum.  Most  gout  pills 
contain  the  extracts ;  and  liquids,  such  as  "  Reynolds'  gout 
specific,"  the  wine  or  the  tincture,  variously  flavoured  and 
disguised. 

The  strength  of  the  difierent  pharmaceutical  preparations  may 
be  ascertained  by  dissolving  in  chloroform,  evaporating  ofi"  the 
chloroform,  dissolving  in  water  (which  is  finally  acidified  by  from 
7  to  10  per  cent,  of  sulphuric  acid),  and  titrating  with  Mayer's 
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rea-ent  (see  p.  247).  If  the  solution  is  diluted  so  that  there  is 
abcTut  one  part  of  colchicine  in  600  of  the  solution,  then  each  cc. 
of  Mayer's  reagent  equals  31-7  mgrms.  colchicine  _ 

S  449.  Fatal  Dose.-lTi  Taylor's  "Principles  of  Medical  Juris- 
prudence"  is  mentioned  an  instance  in  which  3J  drachms  ot 
colchicum  wine,  taken  in  divided  doses,  caused  death  on  the 
fourth  day.    The  quantity  of  the  active  principle  m  the  colchi- 
cum wine,  as  found  by  Johannson  {Dragendorff),  being  0-18  per 
cent.,  it  follows  that  244  mgrms.  (-378  grain)  were  fatal,  though 
not  given  as  one  dose,  so  that  this  quantity  may  be  considered 
as  the  least  fatal  one.    Casper  puts  the  lethal  dose  of  colchicine  ' 
at  from  25  to  30  mgrms.  (-385  to  -463  grain).    It  is,  however,  incon- 
testable that  there  are  cases  of  recovery  from  as  much  as_ 
m^rms.  (1-08  grain).    The  lethal  dose  of  the  pharmaceutical 
preparations  of  colchicum  may,  on  these  grounds,  be  predicted 
from  their  alkaloidal  contents,  and,  since  the  latter  is  not 
constant,  in  any  medico-legal  inquiry,  it  may  be  necessary,  where 
facility  is  given,  to  ascertain  the  strength  of  the  preparation 
administered. 

§  450.  Effects  of  Colchicine  on  Animals. — The  researches  of  Ross- 
bach  shows  that  the  carnivorfe  are  more  sensitive  to  colchicine 
than  any  other  class  of  mammals.  Frogs  show  a  transitory  excite- 
ment of  the  nervous  system,  then  there  is  loss  of  sensation, 
paralysis  of  motion,  and  of  the  respiratory  apparatus  ;  the  heart 
beats  after  the  respiration  has  ceased.  Death  follows  from 
paralysis  of  the  respiration.  The  mucous  membrane  of  the 
intestine  is  much  congested  and  swollen. 

I  have  seen  cattle  die  from  the  effects  of  eating  the  meadow- 
saffron  ;  the  animals  rapidly  lose  condition,  suffer  great  abdomi- 
nal pain,  and  are  generally  purged.  The  farmers,  in  certain 
parts  of  the  country,  have  had  extensive  losses  from  want  of  care 
and  knowledge  with  regard  to  colchicum  poisoning. 

§  451.  Effects  of  Colchicum  on  Man. — Colchicum  poisoning  in 
man*  is  not  very  common ;  F.  A.  Falck  was  able  to  collect  from 
medical  literature  prior  to  1880  fifty-five  cases,  and  he  gives  the 
following  analysis  of  the  cases : — In  two,  colchicum  was  taken 
for  suicidal  purposes  •  of  the  unintentional  poisonings,  five  were 
from  too  large  a  medicinal  dose  of  colchicum  wine,  syrup,  or 
extract,  given  in  cases  of  rheumatism ;  in  thirteen  cases,  col- 
chicum was  used  as  a  purgative  ;  forty-two  cases  were  owing  to 
mistaking  different  preparations  for  drinks,  or  cordials — the 
tincture  in  five,  and  the  wine  in  fourteen  being  taken  instead  of 


*  For  the  curious  epidemic  of  diarrhoea  which  broke  out  in  the  Rhone 
Gorge  in  1875,  and  was  referred  to  colchicine,  see  vol.  i.,  "  Foods,"  p.  272, 
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cI^P^'^tL*'"'"^"''"'  ^i^e,  Schnapps  or  Madeira;  in  one 

case  the  corms  were  added  to  mulled  wine,  in  another  the 

ZZT  rr^'^  ^"'^  ^"^"^  '       '^^'^'^  (-11  child  en)  the 

In  the  remarkable  trial  at  the  Central  Criminal  Court,  in  1862 
of  Margaret  Wilson  (Reg.  v.  Marg.  Wilson),  who  was  convicted 
of  the  murder  of  a  Mrs.  Somers,  the  evidence  given  renderec  T 
fairly  probable  that  the  prisoner  had  destroyed  four  people  at 
different  dates  by  _  colchicum.    The  symptom^s  in  alTf^rcases 
were-burning  pam  m  the  throat  and  stomach,  intense  thirst, 
violent  vomiting  and  purging,  coldness  and  clamminess  of  the 
skm   excessive  depression,  and  great  weakness.    One  victim 
died  on  the  second  day,  another  on  the  fifth,  a  third  on  the 
eighth,  and  the  fourth  on  the  fourteenth  day.    Schroff  witnessed 
a  case  m  which  a  man  took  2  grms.  (nearly  31  grains)  of 
the  corms  ;  in  one  and  a  half  hours  he  experienced  general 
malaise;  on  the  next  day,  there  were  flying  muscular  pains, 
which  at  length  were  concentrated  in  the  diaphragm,  and  the 
breathing  became  oppressed ;  there  was  also  pain  in  the  neio-h- 
bourhood  of  the  duodenum,  the  abdomen  was  inflated  with 
gas ;  there  was  a  sickly  feeling,  and  faintness.    Then  came  on 
a  sleepy  condition,  lasting  several  hours,  followed  by  fever, 
with  excessive  pain  in   the  head,  noises  in  the   ears,  and 
delirium;  there  was  complete  recovery,  but  the  abdomen  con- 
tinued painful  until  the  fifth  day. 

In  another  instance,  a  gentleman  aged  fifty,*  had  taken 
twenty-eight  of  Blair's  gout-pills  in  four  and  a  half  days  for  the 
relief  of  a  rheumatic  affection.  He  suffered  from  nausea,  griping 
pains  in  the  belly,  considerable  diarrhcua,  vomiting,  and  hiccough" 
towards  the  end  there  was  stupor,  convulsive  twitchings  of  the 
muscles,  paralysis,  and  death.  The  fatal  illness  lasted  fourteen 
days ;  he  was  seen  by  three  medical  men  at  different  dates,  the 
first  seems  to  have  considered  the  case  one  of  diarrhcea,  the 
second,  one  of  suppressed  gout,  but  Dr.  C.  Budd  was  struck 
with  the  similarity  of  the  symptoms  to  those  from  an  acrid 
poison,  and  discovered  the  fact  that  the  pills  had  been  taken. 
These  pills  I  examined ;  they  were  excessively  hard,  and  practi- 
cally consisted  of  nothing  else  than  the  finely-ground  colchicum 
corms ;  six  pills  yielded  8  mgrms.  of  colchicine,  so  that  the  whole 
twenty-eight  would  contain  39.  mgrms.  (f  grain).  Dr.  B.udd 
considered  that  the  whole  of  the  pills,  which  were  of  a  ston^r 
hardness,  remained  in  the  bowels  for  some  time  undigested,  so 


*  See  Lancet,  vol.  i.,  1881,  p.  368. 
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that  the  ultimate  result  was  the  same  as  if  the  whole  had  been 
taken  in  one  dose. 

§  452.  The  general  symptoms  produced  by  colchicum  are— raore 
or  less  burning  pain  in  the  whole  intestinal  tract,  vomiting, 
diarrhoea,  with  not  unfrequently  bloody  stools  ;  but  sometimes 
diarrhoea  is  absent.  In  single  cases  tenesmus,  dysuria,  and,  m  one 
case,  hc-eraaturia  have  been  noted.  The  respiration  is  usually 
troubled,  the  heart's  action  slowed,  the  pulse  small  and 
weak,  and  the  temperature  sinks.  In  a  few  cases  there  have 
been  pains  in  the  limbs;  cerebral  disturbance  is  rare;  but  m  two 
cases  (one  described  a7ite)  there  was  stupor.  Muscular  weakness, 
has  been  observed  generally.  In  a  few  cases  there  have  been 
cramps  in  the  calves,  and  in  the  foot,  with  early  collapse  and  death. 

Pvst-mortem  Appearances. — SchrofF  found  in  rabbits  poisoned 
with  from  -1  to  1-0  grms.  of  colchicine,  tolerably  constantly 
enteritis  and  gastritis,  and  always  a  thick,  pitch-like  blood  in 
the  heart  and  veins.  Casper  has  carefully  recorded  the  post- 
moo-tem  appearances  in  four  labourers,  ages  ranging  from  fifteen  to 
forty  years,  who,  finding  a  bottle  of  colchicum-wine,  and  sup- 
posing it  to  be  some  kind  of  brandy,  each  drank  a  wine-glassful. 
They  all  died  from  its  effects.  In  all  four  there  was  great 
hypersemia  of  the  brain  membranes  and  of  the  kidneys.  The 
large  veins  were  filled  with  thick,  dark,  cherry-red  blood,  very 
similar  to  that  seen  in  sulphuric  acid  poisoning.  There  was  an 
acid  reaction  of  the  contents  of  the  stomach.  The  lungs  were 
moderately  congested.  The  mucous  membrane  of  the  stomach 
of  the  one  who  died  first  was  swollen  and  scarlet  with  conges- 
tion ;  with  the  second,  there  was  some  filling  of  the  vessels  at 
the  small  curvature ;  while  the  stomachs  of  the  third  and  fourth 
were  quite  normal.  In  five  cases  described  by  Roux  there  was 
also  hyperfemia  of  the  brain  and  kidneys,  but  no  gastritis  or 
enteritis.  It  is,  therefore,  evident  that  there  are  in  man  no 
constant  pathological  changes  from  colchicine  poisoning. 

§  463.  Separation  of  Colchicine  from  Organic  Matters. — -The 
solution  of  colchicine  from  the  stomach,  or  tissues  of  the  body, 
is  best  effected  by  extraction  with  alcohol,  filtration,  and  con- 
centration of  the  resulting  filtrate  by  evaporation.  When  cool 
it  is  acidified  and  shaken  up  several  times  with  petroleum  ether, 
which  will  not  dissolve  the  colchicine,  but  will  remove  some  of 
the  impurities.  After  separation  of  the  petroleum  ether,  the 
solution  is  shaken  up  with  chloroform,  the  latter  removed  in  the 
usual  way,  agitated  with  pure  water  once  or  twice,  again  sepa- 
rated, and  lastly  evaporated  to  dryness.  The  colchicine,  pro- 
bably mixed  with  colchicetine,  will  now  be  in  a  pure  enough 
state  to  admit  of  the  successful  application  of  tests. 
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In  cases  of  poisomng  by  colchicum  at  Berlin,  Wittstock  used 
the  following  process  :— The  contents  of  the  stomach  were  mixed 
with  a  large  amount  of  alcohol,  a  few  drops  of  HCl  added,  and 
the  whole  well  shaken;  the  fluid  was  then  filtered,  and  the 
titrate  evaporated  to  a  syrupy  consistence  at  37°.  The  resultin<^ 
residue  was  dissolved  in  distilled  water,  the  fat,  &c.,  filtered  off 
and  the  liquid  carefully  evaporated.  From  the  extract  foreign 
matter  was  again  separated  by  treatment  with  alcohol  and 
filtration,  and  the  last  filtrate  was  evaporated  to  a  syrupy  con- 
sistence. The  syrupy  fluid  was  taken  up  by  distilled  water, 
filtered,  evaporated  to  30  grms.,  and  2  grms.  of  calcined  magnesia 
with  90  grms.  of  ether  were  added.  After  a  time,  the  ether  was 
removed,  and  allowed  to  evaporate  spontaneously.  The  residue 
was  once  more  taken  up  with  water,  filtered  from  fat,  &c.,  and 
evaporated.  This  final  residue  gave  all  the  reactions  of  col- 
chicine. In  medico-legal  researches,  it  must  be  remembered  that 
colchicine  is  absorbed  but  slowly,  a  not  insignificant  portion 
remaining,  in  the  bowels,  with  the  feeces. 


XIII.— MUSCARINE  AND  THE  ACTIVE  PRINCIPLES 
OF  CERTAIN  FUNGI. 

§  454.  The  Amanita  Muscaria,  or  fly-blown  agaric,  is  a  very 
conspicuous  fungus,  common  in  fir-plantations,  about  the  size  and 
shape  of  the  common  mushroom ;  but  the  external  surface  of  the 
pileus  is  of  a  bright  red,  or  sometimes  of  a  yellowish  cast,  and 
studded  over  with  warts.  The  common  name  of  the  fungus 
denotes  that  it  was  used  in  former  times  as  a  popular  insect- 
icide j  the  fungus  was  bruised,  steeped  in  milk,  and  the  milk 
exposed,  in  the  same  way  as  we  now  expose  arsenical  fly-papers. 

Some  peculiar  properties  of  the  agaric  have  long  been  known 
to  the  natives  of  Kamschatka,  and  of  the  north-eastern  part  of 
Asia  generally.  They  collect  the  fungi  in  the  hottest  months, 
and  hang  them  up  to  dry.  The  fungus  is  then  rolled  up  in  a 
kind  of  bolus,  and  swallowed  without  chewing.  One  large,  or 
two  small,  fungi  will  produce  a  kind  of  intoxication,  which  lasts 
a  whole  day.  It  comes  on  in  about  two  hours'  time,  and  is  very 
similar  to  that  of  alcohol.  There  is  a  giddy  feeling,  the  spirits 
are  exalted,  the  countenance  becomes  flushed,  involuntary  actions 
and  words  follow,  and  sometimes  loss  of  consciousness.  It 
renders  some  persons   remarkably  active,  and  proves  highly 
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stimulant  to  muscular  exertion;  by  too  large  a  dose  violent 
spasmodic  effects  are  produced.  "  So  very  exciting  to  the  nervous 
system  in  many  individuals  is  this  fungus,  that  the  effects  are 
often  very  ludicrous.  If  a  person  under  its  influence  wishes  to 
step  over  a  straw  or  small  stick,  he  takes  a  stride  or  a  jump 
sufficient  to  clear  the  trunk  of  a  tree.  A  talkative  person 
cannot  keep  silence  or  secrets,  and  one  fond  of  music  is  per- 
petually singing.  The  most  singular  effect  of  the  amanita  is 
the  influence  which  it  has  over  the  urine.  It  is  said  that 
from  time  immemorial  the  inhabitants  have  known  that  the 
fungus  imparts  an  intoxicating  quality  to  that  secretion,  which 
continues  for  a  considerable  time  after  taking  it.  For  instance, 
a  man  moderately  intoxicated  to-day  will,  by  the  next  morning, 
have  slept  himself  sober,  but  (as  is  the  custom)  by  taking  a  tea- 
cup of  his  urine  he  will  be  more  powerfully  intoxicated  than  he 
was  the  preceding  day.  It  is,  therefore,  not  uncommon  for  con- 
firmed drunkards  to  preserve  their  urine  as  a  precious  liquor 
against  a  scarcity  of  the  fungus.  The  intoxicating  property  of 
the  urine  is  capable  of  being  propagated ;  for  every  one  who 
partakes  of  it  has  his  urine  similarly  affected.  Thus,  with  a 
very  few  amanitas,  a  party  of  drunkards  may  keep  up  their 
debauch  for  a  week.  Dr.  Langsdorf  mentions  that  by  means  of 
the  second  person  taking  the  urine  of  the  first,  the  third  of 
the  second,  and  so  on,  the  intoxication  may  be  propagated 
through  five  individuals."  * 

§  455.  A  few  cases  of  poisoning  by  the  fly-blown  agaric  from 
time  to  time  have  occurred  in  Europe,  where  it  has  been  eaten 
in  mistake  for  the  edible  fungi,  or  taken  by  children  allured  by 
the  bright  attractive  colours.  In  these  cases  the  poisonous 
symptoms  noticed  have  been  those  of  gastro-intestinal  irritation, 
as  shown  by  vomiting  and  diarrhoea,  dilated  f  pupils,  delirium, 
tetanic  convulsions,  slow  pulse,  stertorous  breathing,  collapse, 
and  death.  In  a  few  cases  epileptic  attacks  and  trismus  have 
been  observed.  The  course  is  usually  a  rapid  one,  the  death 
occurring  within  twelve  hours.  In  cases  of  recovery,  conva- 
lescence has  been  prolonged. 

The  post-mortem  characteristics  are  not  distinctive,  a  fluid  con- 
dition of  the  blood,  hypersemia  of  the  brain,  liver,  and  kidneys 
has  been  noticed. 

Muscarine. — These  effects  are  partly  due  to  an  undiscovered, 
toxic  substance — which  seems  to  be  destroyed  at  the  temperature 

*  Lindley'a  "  Vegetable  Kingdom." 

t  This  is  the  more  curious,  for  muscarine  strongly  contracts  the  pupil. 
It,  however,  tends  to  prove  what  is  stated  in  the  text— viz.,  that  there  is 
more  than  one  poisonous  substance  in  amanita. 
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and  ofiT'^^'i  improbably  of  rather  easy  destructibility- 
and  of  a  very  definite  poisonous  alkaloid  {muscarine)  first  separated 
by  a  conip  ex  process  by  Schmiedeberg  Ind  Koppe  in  1869.*  It 

ihetioX  ^  r.^'^-'VT  ^^^^^        ^'^^^^y  ^'^'^  formed  syn- 

thetically _  by  Schmiedeberg  and  Harnack,t  by  treating  cholin 
with  nitric  acid  Muscarine  is  isomeric  with  betain  and  oxy- 
cholm,  from  which  it  is  separated  by  its  fluorescence  and 
poisonous  properties. 

Muscarine  is  a  colourless,  strongly  alkaline,  syrupy  fluid, 
which  if  allowed  to  stand  over  sulphuric  acid,  becomes  giduali; 
crystalline,  but  liquefies  again  on  exposure  to  the  atmosphere. 
It  dissolves  m  water  in  every  proportion,  and  also  in  alcohol, 
but  IS  very  little  soluble  in  chloroform,  and  insoluble  in  ether  It 
IS  not  precipitated  by  tannin ;  it  forms  salts  with  acids,  and 
gives  precipitates  with  auric  chloride,  phospho-tungstic,  and 
phosphomolybdic  acids,  and  also  with  potassio-mercuric  iodide 
Ihe  last  precipitate  is  at  first  amorphous,  but  it  gradually 
becomes  crystalline.  This  was  the  compound  used  by  the  dis- 
coverers to  separate  the  base.  With  many  other  general 
alkaloidal  reagents  muscarine  forms  no  compound  that  is 
insoluble,  and  therefoiHJ  gives  no  precipitate,  such,  e.g.,  as  iodine 
with  potassic  iodide,  picric  acid,  and  platinic  chloride.  Musca- 
rine is  a  stronger  base  than  ammonia,  and  precipitates  copper 
and  iron  oxides  from  solutions  of  their  salts.  Muscarine  is  very 
poisonous  J  2  to  4  mgrms.  are  suflicient  in  subcutaneous  injection 
to  kill  cats  in  from  two  to  twelve  hours — larger  doses  in  a  few 
minutes;  but  with  rabbits  the  action  is  less  intense.  Cats  become 
salivated,  their  pupils  contract,  they  vomit,  and  are  purged,  the 
breathing  becomes  frequent,  and  there  is  marked  dyspnoea.  At 
a  later  stage  the  respirations  are  slower,  and  there  are  convul- 
sions, and  death. 

The  alkaloid  has  also  been  tried  on  man.  Doses  of  from  3  to 
5  mgrms.,  injected  subcutaiieously,  cause  after  a  few  minutes 
profuse  salivation,  increased  frequency  of  the  pulse,  nausea, 
giddiness,  confusion  of  thought  and  myosis,  but  no  vomiting,  and 
no  diarrhcea.  Small  quantities  applied  to  the  eye  cause,  after  a 
few  minutes,  a  derangement  of  the  accommodation,  but  no  change 
in  the  size,  of  the  pupil ;  larger  quantities  cause  also  myosis, 
which  depends  upon  an  excitement  of  the  sphincter  iridis,  or  of 
the  oculomotorius. 

§  456.  The  actions  of  muscarine  and  atropine  are  to  a  great 
extent  antagonistic.    This  is  especially  and  beautifully  demon- 


*  Das  Muscarin,  das  giftige  Alkaloid  des  Fliegenpilzes.  Leipzig,  1869. 
t  Arch./.  Exper.  Path.,  Bd.  4,  u.  5. 
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strated  by  the  effects  of  the  two  substances  on  the  frog's  heart. 
The  action  of  muscarine  upon  the  heart  is  to  excite  the  inhibitory 
nerve  apparatus,  while  the  action  of  atropine  is  to  paralyse  the 
same  system.  One  mgrm.  of  muscarine,  injected  subcutaneously 
into  a  frog,  arrests  the  heart  in  diastole,  but  if  a  suitable  dose  of 
atropine  is  applied  to  the  heart  thus  arrested,  it  begins  to  beat 
again ;  or,  if  atropine  is  first  given,  and  then  muscarine,  the 
heart  does  not  stop.  The  muscarine  heart,  when  it  has  ceased 
to  beat,  may  be  successfully  stimulated  by  galvanism.  Muscarine 
at  first  excites  the  respiratoiy  centre,  and  then  paralyses  it. 

§  457.  Detection  of  Muscm-ine  in  the  Body. — If  muscarine  itself 
should  be  ever  taken,  the  method  of  detection  most  likely  to  be 
successful  is  to  direct  attention  to  the  urine  and  kidneys,  as  the 
most  suitable  organs  and  fluids  from  which  to  separate  the 
alkaloid.  The  urine  should  be  evaporated,  the  residue  treated 
with  strong  alcohol,  and  the  alcoholic  extract  evaporated  and 
taken  up  with  water.  This  aqueous  solution  is  now  injected 
into  frogs,  and  its  action  on  the  heart  watched.  If  it  stops  the 
heart  in  diastole,  atropine  may  be  used  to  see  whether  the  beats 
will  be  restored.  The  kidneys,  or  any  other  tissues  of  the  body, 
must  be  treated  on  similar  principles.  The  insolubility  of 
muscarine  in  chloroform  and  ether  renders  it  remarkably  easy  to 
remove  fatty  matters  and  other  disturbing  substances.  In  the 
present  state  of  our  knowledge,  life-tests  for  muscarine  are  alone 
available. 

§  458.  The  Agaricus  Phalloides,  with  its  many  varieties,  is  a 
very  common  autumn  fungus,  and  has  often  been  mistaken  for 
mushrooms.  Falck  has  collected  from  medical  literature  no  less 
than  53  cases  of  poisoning  by  this  fungus,  40  of  which  ended 
fatally.  Its  chemistry  is  not  fully  worked  out.  Boudier  con- 
sidered that  he  had  discovered  an  alkaloidal  body,  which  he 
named  hulboisin.  Letellier  and  Speneux,*  again,  found  two 
poisonous  bodies,  one  an  irritant,  and  the  second  a  narcotic 
principle,^  which  they  named  amanitin,  and  which  seemed  to  be 
an  alkaloidal  substance,  yielding,  on  treatment  with  saponifying 
agents,  as  one  of  its  products,  sugar.  Another  investigator.  Ore, 
separated  a  body  which  he  called  phalloidin  ;  ]iut  none  of  these 
substances  have  been  properly  studied,  or,  indeed,  separated  in  a 
state  pure  enough  to  admit  of  suitable  examination.  The 
poisonous  symptoms  usually  begin  after  from  three  to  four  hours, 
but  in  one  case  they  were  delayed  for  forty-eight  hours.  There 
is  violent  vomiting  (in  one  case  this  symptom  was  absent), 
diarrhoea,  and  pam  m  the  abdomen,  which  may  increase  so  as  to 


*AnmL  d'Hyg.  Pubi,  18C7. 
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cJaps?  '  TW  «r^^P«      the  legs,  cyanosis,  and 

JrisZ.  .  J       Z"''  """^^^"^   phenomena,  convulsions, 

trismus,  and,  m  a  few  cases,  tetanic  spasms.  The  pulse,  in  seven 
cases  described  by  Maschka,  was  very  small,  thready,  and  quick^ 
but  m  others  again,  small  and  slow.  The  pupils  have  in  some 
cases  been  dilated  m  others  unchanged.  Death  is  generally 
rapid.  In  two  of  Maschka's  cases  from  sixty  to  sixty-eight  hours 
after  the  investigation,  but  in  the  rest  from  twelve  to  eighteen 
iiours.  Life  may,  however,  be  prolonged  for  several  days.  In  a 
case  recorded  by  Plowright,-"  in  which  a  boy  had  eaten  a  piece 
ot  the  pileus,  death  occurred  on  the  4th  day. 

§  459.  The  post-mortem  appearances  observed  in  Maschka's  seven 
cases  were— absence  of  cadaveric  rigidity,  dilatation  of  the  pupil, 
a  dark-red  fluid  condition  of  the  blood,  numerous  ecchvmoses  in 
the  pleura,  m  the  substance  of  the  lungs,  the  pericardium,  the 
substance  of  the  heart,  the  liver,  kidneys,  and  spleen.  The 
mucous  membrane  of  the  digestive  canal  presented  nothing 
characteristic.  In  two  cases  there  were  a  few  ecchymoses, 
and  m  one  the  mucous  membrane  of  the  stomach  was 
softened,  red,  and  easily  detached.  In  one  case  only  were  any 
remnants  of  the  fungus  found,  by  which  the  nature  of  the  sub- 
stance eaten  could  be  determined.  The  bladder  in  each  case  was 
full.  In  three  cases  a  fatty  degeneration  of  the  liver  had  com- 
menced. The  same  appearance  was  met  with  in  some  of  the 
older  cases  related  by  Orfila. 

§  460.  The  Aga7  'icus  Paoitherinus  is  said  to  be  poisonous, 
although  Hertwig  found  it  to  have  no  action  when  given  to  dogs. 

The  Agaricus  Ruber,  a  bright-hued  fungus,  growing  profusely 
on  the  Hampshire  coast,  of  a  purple-red  colour — the  colouring- 
matter  not  only  covering  the  pileus,  but  also  extending  down  the 
stipe— -is  poisonous,  and  has  recently  been  chemically  investigated 
by  Phipson,t  who  has  identified  a  colouring-matter  ruherine,  and 
an  alkaloid  agarythrine.    Agarythrine  is  separated  by  macerating 
the  fungus  (from  which  the  skin  containing  the  colouring-matter 
has  been  removed)  as  completely  as  possible  in  water  acidulated 
with  8  per  cent,  of  hydrochloric  acid.    The  filtered  solution  is 
neutralised  by  sodic  carbonate,  and  the  alkaloid  shaken  up  with 
ether.     On  evaporation  the  ether  leaves  a  white,  somewhat 
greasy-looking  substance,  having  a  bitter  burning  taste,  and 
easily  fusible  into  yellow  globules,  giving  forth  an  odour  like 
quinoleine  ;  it  is  soluble  in  alcohol  and  ether.    From  Phipson's 
observations  it  would  appear  probable  that  the  red  colouriiig- 


*  Lancet,  1879. 

t  Chem.  J^ewd,  p.  199,  1882. 
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matter  is  derived  from  a  decomposition  of  this  alkaloidal  sub- 
stance. A  rose-red  colour  is  produced  by  the  action  of  nitric 
acid,  and  chlorinated  lime  first  reddens  and  then  bleaches  it. 
Buchwald  *  has  recorded  three  cases  of  poisoning  by  this  fungus, 
the  patients  were  labourers,  who,  after  eating  the  fungus,  suffered 
from  vomiting,  thirst,  a  "drunken"  condition,  cramp,  albu- 
minui'ia,  and  disturbance  of  the  sensory  functions.  The  fungus 
causes  in  cats  myosis,  but  is  said  not  to  affect  rabbits. 

§  461.  The  Soletus  Satanas,  or  Luridus  (Lenz),  is  poisonous; 
very  small  quantities  of  the  uncooked  fungus  caused  in  Lenz,  who 
experimented  upon  its  properties,  violent  vomiting.  In  cases  in 
which  this  fungus  has  been  eaten  accidentally,  the  symptoms 
have  been  very  similar  to  cholera. 

§  462.  The  Common  Morelle  seems  under  certain  conditions  to 
be  poisonous.  From  six  to  ten  hours  after  the  injection,  there 
have  appeared  depression,  nausea,  jaundice,  dilated  pupils,  and 
in  the  worst  cases  at  the  end  of  the  first  day,  delirium,  somno- 
lence, and  muscular  cramps,  followed  by  collapse,  and  death.  In 
a  case  observed  by  Kromholz,  the  post-mortem  appearances  were 
jaundice,  a  dark  fluid  state  of  the  blood,  and  hypertemia  of  the 
brain  and  liver.  Bostrom  fed  a  dog  with  100  grms.  of  the 
fresh  young  morelle ;  the  animal  died  on  the  third  day,  and  the 
canaliculi  of  the  kidney  were  found  filled  with  hsemoglobin, 
partly  amorphous,  and  partly  crystalline.! 


DIVISION  11.— GLUCOSIDES. 


I.— DIGITALIS  GROUP. 

§  463.  The  Digitalis  2mrpurea,  or  foxglove,  is  a  plant  extremely 
common  in  most  parts  of  England,  and  poisoning  may  occur  from 
the  accidental  use  of  the  root,  leaves,  or  seeds.  The  seeds  are 
very  small  and  pitted;  they  weigh  1126  to  a  grain  (Gtty),  are  of 
a  light-brown  colour,  and  in  form  somewhat  egg-shaped.  The 
leaves  are  large,  ovate,  crenate,  narrowed  at  the  base,  rugous, 

*  Indnstr.  Bl,  1876. 

t  See  Casper's  Viertdj.,  1844.       Keber,  Preuss.  Vereinszeitn.,  1846 
Bostram,  Ber.  d.  Pliys.  Med.  Soc,  Erlangen,  1880.    Schaucnstem,  "Giftige 
^chwiimme   m  Maschka's  Handbuch,  &c. 
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veined,  and  downy,  especially  on  the  under  surface.  Their 
colour  IS  a  dull  green,  and  they  have  a  faint  odour  and  a  bitter 
nauseous  taste.  The  leaf  is  best  examined  in  section.  Its  epi- 
dermis, when  fresh,  is  seen  to  consist  of  transparent,  hexagonal, 
colourless  cells,  beneath  which,  either  singly  or  in  groups,  there 
are  round  cells  of  a  magenta  tint,  and  beneath  these  again  a 
layer  of  columnar  cells,  and  near  the  lower  surface  a  loose 
parenchyma.  The  hairs  are  simple,  appearing  scantily  on  the 
upper,  but  profusely  on  the  lower,  surface;  each  is  composed  of 
from  four  to  five  joints  or  cells,  and  has  as  its  base  a  magenta- 
coloured  cell.  The  small  leaves  just  below  the  seed-case,  and 
the  latter  itself,  are  studded  with  glandular  hairs.  The  root 
consists  of  numerous  long  slender  fibres. 

§  464.  Chemical  ComjMsition. — It  is  now  generally  accepted  that 
there  exist  in  the  foxglove,  at  least,  four  distinct  principles — • 
digitalin,  digitonin,  digitoxin,  and  digitcdein.  Besides  these 
there  are  several  others  of  more  or  less  definite  composition, 
which  are  all  closely  related,  and  may  be  derived  from  a  complex 
glucoside  by  successive  removals  of  hydrogen  in  the  form  of 
water. 

The  following  is  the  theoretical  percentage  composition  of  the 
digitalins,  the  identity  of  which  has  been  fairly  established. 
They  are  arranged  according  to  their  percentage  in  carbon : — 


TABLE  XIX.— COMPOSITION  OF  THE  DIGITALINS. 


Name. 

Formula. 

T  

Percentage  Composition. 

Digitalein, 

C2iH4gO]1 

C.  53 '16  percent.  H.  8 "OS  percent. 

Digitonin,  . 

C31H52017 

C.  53-44  „ 

H.  7-46 

5  ) 

Digitalin,  . 

C34II84027 

C.  58a6 

H.  3-65 

)  J 

Digitaletin, 

C44H30O13 

C.  62-41 

H.  3-54 

») 

Digitoxin, 

C21H3207 

C.  C3-63 

H.  8  08 

)» 

Digitaleretin, 

C44H38013 

C.  C6-05 

H.  4-58 

1 1 

Paradigitaletin, 

C44H34014 

C.  07-17  ,, 

H.  4-3 

)) 

§  465.  Digitalein  is  a  colourless,  amorphous  body,  easily  soluble  in 
water  and  in  cold  absolute  alcohol.  It  may  be  precipitated  from  an 
alcoholic  solution  by  the  addition  of  much  ether.    It  is  with  difficulty 
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soluble  in  chloroform,  and  insoluble  in  ether.  It  is  precipitated  from  a 
watery  solution  by  tannin,  or  by  basic  lead  acetate ;  saponification  by  dilute 
acids  splits  it  up  into  glucose  and  digitaleretin.  It  has  a  sharp,  acrid 
taste,  and  the  watery  solution  froths  on  shaking. 

§  466.  Dtrjitoimi,  a  white  amorphous  body,  has  many  of  the  characters 
of  sajjonin.  Like  saponin,  it  is  easily  soluble  in  water,  and  the  solution 
froths,  and,  like  saponin  again,  it  is  precipitated  by  absolute  alcohol,  by 
baryta  water,  and  by  basic  lead  acetate.  It  may  be  readily  distinguished 
from  saponin  by  treating  a  watery  solution  with  sulphuric  or  hydrochloric 
acid.  On  heating,  a  beautiful  red  coloiir  develops.  It  does  not  give  the 
bromine  reaction. 

§  467.  Digitalin,  when  perfectly  pure,  forms  fine,  white, 
glittering,  hygroscopic  needles,  or  groups  of  crystalline  tufts;  it 
is  without  smell,  but  possesses  a  bitter  taste,  which  is  at  once  of 
slow  development  and  of  long  endurance.  On  warming,  it 
becomes  soft  under  100°,  and,  above  that  temperature,  is  readily 
decomposed  with  evolution  of  white  vapours.  It  is  insoluble 
in  water,  in  dilute  soda  solution,  in  ether  and  in  benzene.  It  is 
soluble  in  chloroform,  especially  in  chloroform  and  alcohol,  and 
dissolves  easily  in  warm  acetic  acid ;  12  parts  of  cold  and  six  of 
boiling  alcohol  of  90  per  cent,  dissolve  one  of  digitalin.  Dilute 
hydrochloric  or  sulphuric  acid  decompose  it  into  glucose  and 
digitaletin  (O^^HgoO^g) ;  if  the  action  is  prolonged,  digitaleretin 
(C'mHssOis),  and  finally  dehydrated  digitaleretin,  are  formed. 
Concentrated  sulphuric  acid  dissolves  it  with  the  produc- 
tion of  a  green  colour,  which  by  bromine  passes  into  violet- 
red,  but  on  the  addition  of  water  becomes  again  green.  Hydro- 
chloric acid  dissolves  it  with  the  production  of  a  greyish-yellow 
colour,  passing  gradually  into  emerald  green;  water  precipitates 
fi'om  this  solution  a  resinous  mass. 

§  468.  Digitaletin.~A  substance  obtained  by  Walz  on  treating  his 
digitalin  by  dilute  acids.  It  is  crystalline,  and  its  watery  solution  tastes 
onlo tI  ^-  .  V^°'  ^^^^  decomposes,  evolving  an  acid  vapour  at  about 
206  It  dissolves  m  848  parts  of  cold,  and  222  of  boiling,  water;  in  3-5 
parts  of  cold  and  m  from  2  to  4  of  boiling,  alcohol.  It  is  with  difficultv 
soluble  m  ether.  It  dissolves  in  concentrated  sulphuric  acid,  developino-  a 
red-brown  colour  which,  on  the  addition  of  water,  changes  to  olive-green 
On  boihng  with  dilute  acids,  it  splits  up  into  sugar  and  digitaleretin. 

§  469.  Digitoxin  always  accompanies  digitalin  in  the  plant 
and  may  by  suitable  treatment  be  obtained  in  glitterin<^  needles 
and  tabular  crystals.    It  is  insoluble  in  water  and  in\enzene 
It  dissolves  with  some  difficulty  in  ether,  and  is  readily  dissolved 
by  alcohol  or  by  chloroform.    On  boiling  with  dilute  acids,  it  is 
decomposed  into  an  amorphous,  readily  soluble  hodj,~Toxiresin 
Digitoxm  according  to  Schmiedeberg,  only  exists  in  the  leaves  of 
the  digitalis  plant,  and  that  in  the  proportion  of  1  part  in  10  000 
IJigitalm  and  digitoxin  are  pm  excellence  the  poisonous  principles 
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of  the  plant.  Toxiresin  is  also  intensely  poisonous.  It  may  be 
obtained  in  crystals  by  extracting  the  dry  exhausted  leaves  with 
alcohol  of  50  per  cent.,  precipitating  with  lead  acetate,  and 
washing  the  precipitate  first  with  a  dilute  solution  of  sodium 
carbonate  (to  remove  colouring-matter),  and  then  with  ether, 
benzene,  and  carbon  disulphide,  in  all  of  which  it  is  insoluble ; 
on  decomposing  the  lead  compound,  digitoxin  may  be  obtained 
in  colourless  scales  or  needle-shaped  crystals. 

§  470.  Digitaleretin,  the  origin  of  wliicli  has  been  already  alluded  to,  is  a 
yellowish-white,  amorphous  powder,  possessing  no  bitter  taste,  melting  at 
60°,  soluble  in  ether  or  in  alcohol,  but  insoluble  in  water. 

Paradigitaletin  is  very  similar  to  the  above,  but  it  melts  at  100°,  and  is 
insoluble  in  ether. 

§  471.  Several  other  derivatives  have  been  obtained  and 
described,  such  as  the  inert  digitin,  digitalacrin,  digitalein,  and 
others,  but  their  properties  are,  as  yet,  insufficiently  studied. 
Digitalin,  as  well  as  digitoxin,  may  now  be  obtained  pure  from 
certain  firms,  but  the  ordinary  digitalin  of  commerce  is,  for  the 
most  part,  of  two  kinds,  which  may  be  distinguished  as 
French  and  German  digitalin.  The  French  digitalin,  or  the 
digitalin  of  Homolle,  is  prepared  by  treating  an  aqueous  extract  of 
the  digitalis  plant  with  lead  acetate,  and  freeing  the  filtrate  from 
lead,  lime,  and  magnesia,  by  successive  additions  of  alkaline 
carbonate,  oxalate,  and  phosphate,  and  then  precipitating  with 
tannin.  The  tannin  precipitate  is  treated  with  litharge  and  the 
di'^italins  boiled  and  extracted  from  the  mass  by  means  of  alcohol, 
and  lastly,  purifying  with  animal  charcoal.  Crystals  are  m  this 
way  obtained,  and  by  removing  all  substances  soluble  in  ether  by^ 
that  solvent,  digitalin  may  be  separated.  The  German  digitalm 
is  prepared  according  to  the  process  of  Walz  and  is  extracted 
from  the  plant  by  treatment  with  alcohol  of  -852.  The  alcohol  is 
removed  by  evaporation,  and  the  alcholic  extract  taken  up  with 
water;  the  watery  extract  is  treated  with  lead  acetate  and 
litharge,  filtered,  the  filtrate  freed  from  lead  by  hydric  sulphate, 
and  the  excess  of  acid  neutralised  by  ammonia,  and  then  tannin 
added  to  complete  precipitation.  The  precipitate  is  collected 
and  rubbed  with  hydrated  oxide  of  lead,  and  the  raw  digitalm 
extracted  by  hot  alcohol.  The  alcohol,  on  ^^^^or^'^^^J^^^^^^ 
mixture  of  digitalin  mixed  with  other  principles  and  fatty  matter 
S  sold  in  this  state,  it  may  contain  from  2  to  3  per  cent  of 
dlitalein  and  digitonins.  On  treating  the  mixture  with  ether, 
dig  ta  ii  with  some  digitaletin  is  left  behind,  being  almost  m- 
SbTe'n  ether.  Since,  however,  digitaletin  -  --l-^^^^^  ^ 
cold  water,  by  treating  the  mixture  with  8  parts  of  J^^^^*  j[ 
cold  water  digitalin  is  dissolved  out  m  nearly  a  pure  state,  it 
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may  be  further  purified  by  treating  the  solution  with  animal 
charcoal,  recrystallisation  from  spirit,  &c. 

§  472.  Reactions  of  the  Digitalins. — Digitonin  is  dissolved  by 
dilute  sulphuric  acid  (1:3)  without  colour,  and  the  same  remark 
applies  to  hydrochloric  acidj  on  warming  with  either  of  these 
acids,  a  violet-red  colour  appears;  this  reaction  thus  serves  to 
distinguish  digitonin  from  the  three  other  constituents,  as  well 
as  from  saponin. 

Sulphuric  and  gallic  acids  colour"  the  glucosides  of  digitalin, 
digitalein,  and  digitonin,  red,  but  not  digitoxin,  which  can  be 
identified  in  this  way. 

Sulphuric  acid  and  bromine  give  with  digitalin  a  red,  and 
with  digitalein  a  violet  coloration,  which,  on  the  addition  of 
water,  change  respectively  into  emerald  and  light  green.  This, 
the  most  important  chemical  test  we  possess,  is  sometimes  called 
Grandeau's  test;  it  is  not  of  great  delicacy,  the  limit  being  about 
•1  mgrm. 

§  473.  Pharmaceutical  Preparations  of  Digitalin. — Digitalin 
itself  is  officinal  in  the  French,  British,  and  Austrian  pharma- 
copoeias. It  is  prepared  in  our  own  by  making  a  strong  tincture 
of  the  leaves  at  120°F.;  the  spirit  is  then  evaporated  off,  and  the 
extract  heated  with  acetic  acid,  decolorised  by  animal  charcoal, 
and  filtered.  After  neutralisation  with  ammonia,  the  digitalin 
is  precipitated  with  tannin,  and  the  tannate  of  digitalin  resolved 
into  tannate  of  lead  and  free  digitalin,  by  rubbing  it  with  oxide 
of  lead  and  spirit. 

Digitalis  leaf  is  officinal  in  most  of  the  pharmacopoeias. 

Tincture  of  digitalis  is  officinal  in  our  own  and  all  the  Con- 
tinental pharmacopoeias,  and  an  ethereal  tincture  is  used  in 
France  and  Germany. 

An  Acetum  digitalis  is  officinal  in  the  Netherlands  and  Germany: 
an  extract  and  infusion  are  also  used  to  some  extent. 

With  regard  to  the  nature  of  the  active  principle  in  these 
diflerent  preparations,  according  to  Dragendorff,  digitonin  and 
digitalein  are  most  plentiful  in  the  acetic  and  aqueous  pre- 
parations;  whilst  in  the  alcoholic,  digitalin,  digitoxin,  and 
digitalein  are  present. 

§  474.  Fatal  Dose.—1\ie  circumstance  of  commercial  digitalin 
consisting  of  varying  mixtures  of  digitoxin,  digitalin,  and 
digitalem,  renders  it  difficult  to  be  dogmatic  aboSt  the  dose 
likely  to  destroy  life.  Besides,  with  all  heart-poisons,  sur- 
prises take  place and  very  minute  quantities  have  a  fatal 
result  when  administered  to  persons  with  disease  of  the  heart 
or  to  such  as,  owing  to  some  constitutional  peculiarity,  have  a 
heart  easily  affected  by  toxic  agents.    Digitoxin,  accm-ding  to 
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Kopp's*  experiments  is  from  six  to  ten  times  stronger  than 
digitalin  or  digitalein.  Two  mgrms.  caused  intense  poisonous 
symptoms.  Digitoxin  is  contained  in  larger  proportions  in 
Nativelle's  digitalin  than  in  Homolle's,  or  in  the  German 
digitalin.  The  digitalin  of  Homolle  is  prescribed  in  1  mgrm. 
(•015  grain)  doses,  and  it  is  thought  dangerous  to  exceed  6  mgrms. 

Lemaistre  has,  indeed,  seen  dangerous  symptoms  arise  from 
2  mgrms.  ('03  grain),  when  administered  to  a  boy  fifteen  years 
old.  It  may  be  predicated  from  recorded  cases  and  from 
experiment,  that  digitoxin  would  probably  be  fatal  to  an  adult 
man  in  doses  of  4  mgrms.  grain),  and  digitalin,  or  digitalein, 
in  doses  of  20  mgrms.  ('3  grain).  With  regard  to  commercial 
digitalin,  as  much  as  from  10  to  12  mgrms.  (-15  to  -13  grain)  have 
been  taken  without  a  fatal  result ;  on  the  other  hand,  2  mgrms. 
gave  rise  to  poisonous  symptoms  in  a  woman  (Battaille).  Such 
discrepancies  are  to  be  explained  on  the  grounds  already  men- 
tioned. It  is,  however,  probable  that  4  mgrms.  (or  Jg-  grain) 
of  ordinary  commercial  digitalin  would  be  very  dangerous  to  an 
adult. 

It  must  also,  in  considering  the  dose  of  digitalin,  be  ever 
remembered  that  it  is  a  cumulative  poison,  and  that  the  same 
dose — harmless  if  taken  once — yet,  frequently  repeated,  becomes 
deadly :  this  peculiarity  is  shared  by  all  poisons  affecting  the 
heart.  When  it  is  desired  to  settle  the  maximum  safe  dose  for 
the  various  tinctures,  extracts,  and  infusions  of  digitalis  used 
in  pharmacy,  there  is  still  greater  difficulty,  a  difficulty^  not 
arising  merely  from  the  varying  strength  of  the  preparations, 
but  also  from  the  fact  of  the  vomiting  almost  invariably  excited 
by  large  doses.  Individuals  swallow  quantities  without  death 
resulting,  simply  because  the  poison  is  rapidly  expelled ;  whereas, 
if  the  ojsophagus  was  ligatured  (as  in  the  experiments  on  the 
lower  animals  formerly  favoured  by  the  French  school  of  toxico- 
logists),  death  must  rapidly  ensue.  The  following  table  is  a 
guide  to  the  maximum  single  dose,  and  also  the  amount  safe  to 
administer  in  the  twenty-four  hours  in  divided  doses.  As  a 
general  rule,  it  may  be  laid  down  that  double  the  maximum 
dose  is  likely  to  be  dangerous  : — 


*  ArcUvf.  Exp.  Pathol,  u.  Pharm.,  vol.  iii.,  p.  284,  1875. 
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TABLE  XX.— MAXIMUM  SINGLE  DOSE,  AND  MAXIMUM  QUAN- 
TITY OP  THE  DIFFERENT  PEEPARATIONS  OF  DIGITALIS, 
WHICH  CAN  BE  ADMINISTERED  IN  A  DAY. 


Single  Dose. 

Per  Day. 

Grains  or 
Minims. 

Grammes 
or  cc's. 

Grains  or 

TVTi  n  1  Tn  H  ■ 

Grammes 
or  cc^s* 

Powdered  Leaves,  . 

4i  grns. 

•3  grm, 

15'4  ^ns. 

1  •O  grm. 

Infixsion,  . 

480  m. 

28-3  cc. 

1440  m. 

84-9  cc. 

Tincture, . 

45  m. 

3  cc. 

135  m. 

9  cc. 

Digitalia, 

•03  grn. 

•002grm. 

•09  grn. 

•006  grm. 

Extract,  . 

3  0  „ 

•2  „ 

12-0  „ 

•8  „ 

§  475.  Statistics. — The  main  knowledge  which  we  possess  of 
the  action  of  digitalis  is  derived  from  experiments  on  animals, 
and  from  occasional  accidents  in  the  taking  of  medicines  ;  but  in 
comparison  with  certain  toxic  agents  more  commonly  known,  the 
number  of  cases  of  death  from  digitalis  is  very  insignificant.  Of 
forty-two  cases  of  digitalis-poisoning  collected  by  Husemann,  one 
was  criminal  (murder) ;  one  the  result  of  mistaking  the  leaves  for 
those  of  borage ;  forty-two  were  caused  in  medicinal  use — in 
thirty-three  of  these  last  too  large  a  dose  had  been  given,  in  three 
the  drug  was  used  as  a  domestic  remedy,  in  two  of  the  cases 
the  prescription  was  wrongly  read,  and  in  one  digitalis  was  used 
as  a  secret  remedy.  Twenty-two  per  cent,  of  the  forty-five  were 
fatal. 

§  476.  Effects  on  Man. — It  was  first  distinctly  pointed  out  by 
Tardieu  that  toxic  doses  of  digitalis,  or  its  active  principles,  pro- 
duced not  only  symptoms  referable  to  an  action  on  the  heart,  but 
also,  in  no  small  degree,  gastric  and  intestinal  irritation,  similar 
to  that  induced  by  arsenic.  Tardieu  also  attempted  to  distinguish 
the  symptoms  produced  by  the  pharmaceutical  preparations  of 
digitalis  (the  tincture,  extract,  &c.),  and  the  glucoside  digitalin  ; 
but  there  does  not  appear  a  sufiicient  basis  for  this  distinction. 
The  symptoms  vary  in  a  considerable  degree  in  difierent  persons, 
and  are  more  or  less  tardy  or  rapid  in  their  development,  accord- 
ing to  the  dose.  Moderate  doses  continued  for  some  time  (as, 
for  example,  in  the  persistent  use  of  a  digitalis  medicine),  may 
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produce  their  first  toxic  effects  even  at  the  end  of  many  days  • 
but  when  a  single  large  dose  is  taken,  the  symptoms  are  rarely 
delayed  more  than  three  hours.  They  may  commence,  indeed, 
in  Halt  an  hour,  but  have  been  known  to  be  retarded  for  more 
than  twenty-four  hours,  and  the  longer  periods  may  be  expected 
It  digitalis  IS  given  in  hard,  not  easy  soluble  pills.  There  is 
coromonly  a  feehng  of  general  malaise,  and  then  violent  retching 
and  vomiting.  The  pulse  at  first  may  be  accelerated,  but  it  soon 
is  remarkably  slowed— it  sinks  commonly  down  to  50  to  40 
and  has  even  been  known  as  low  as  25.  To  these  symptoms' 
reterable  to  the  heart  and  to  the  digestive  tract,  are  added 
nervous  troubles ;  there  are  noises  in  the  ears,  and  disturbances 
ot  vision.  In  a  case  related  by  Taylor,  a  red-coal  fire  seemed  to 
the  patient  to  be  of  a  blue  colour;  in  another,  related  by 
Lersch,*  there  was  blindness  for  eighteen  hours,  and  for  some 
time  a  confusion  in  the  discrimination  of  colours;  quiet 
delirium  has  also  been  noticed.  As  the  case  proceeds,  the 
gastric  symptoms  also  increase  in  severity ;  the  tongue  Christi- 
son,  m  one  case,  noticed  to  be  enormously  swollen,  and  the 
breath  foetid.  Diarrhoea  is  commonly  present,  although  also 
sometimes  absent.  The  action  of  the  kidneys  is  suppressed. 
Hiccough  and  convulsions  close  the  scene. 

In  the  cumulative  form,  the  symptoms  may  suddenly  burst 
out,  and  the  person  pass  into  death  in  a  fainting-fit  without  any 
warning.    As  a  rare  effect,  hemiplegia  may  be  mentioned.  ■ 

This  brief  resume  of  the  symptoms  may  be  further  illustrated 
by  the  following  typical  cases  : — A  recruit,  aged  22,  desiring 
to  escape  from  military  service,  went  to  a  so-called  "  Freimacher" 
who  gave  him  100  pills,  of  which  he  was  to  take  eight  in  two 
doses  daily.  Eleven  days  after  the  use  of  the  pills,  he  became 
ill,  and  was  received  into  hospital,  where  he  suddenly  died  after 
three  weeks'  treatment.  His  malady  was  at  first  ascribed  to 
gastric  catarrh ;  for  he  suffered  from  loss  of  appetite,  nausea, 
and  constipation.  He  complained  of  pain  in  the  head,  and 
giddiness.  His  breath  smelled  badly,  and  the  region  of  the 
stomach  was  painful  on  pressure.  The  pulse  was  slow  (66),  the 
temperature  of  the  body  normal.  Towards  the  end,  the  pulse 
sank  to  52 ;  he  suffered  from  vomiting,  noise  in  the  ears, 
troubles  of  vision,  great  weakness,  and  later,  hiccough  and  swelling 
in  the  neck.  The  mere  act  of  standing  up  in  order  to  show 
his  throat  caused  him  to  faint;  on  the  same  day  on  which 
this  occurrence  took  place,  he  suddenly  died  on  the  way  to  the 
nightstool.  Thirteen  of  the  pills  were  found  in  the  patient's 
clothes,  and  from  a  chemical  and  microscopical  examination  it 
*  Rhen.  West.  Corr.  Bl.,  15,  1848.    Husemann  in  Maschka'a //ajici&uc/*. 
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was  found  that  they  contained  digitalis  leaf  in  fine  powder  The 
quantity  which  the  unfortunate  man  took  m  the  four  weeks  was 
estimated  at  13-7  grms.  (  =  about  211  grains).  7  ^ 

Two  of  his  comrades  had  also  been  to  the  "  i^mmac^er  and 
had  suffered  from  the  same  symptoms,  but  they  had  left  off  the 
use  of  the  medicine  before  any  very  serious  effect  was  produced  T 

An  instructive  case  of  poisoning  by  digitoxin  occurred  m  the 
person  of  Dr.  Koppe,  in  the  course  of  some  experiments  on  the 
dru^.  He  had  taken  1-5  mgrm.  in  alcohol  without  result ;  on 
the  following  day  (May  14)  he  took  1  mgrm.  at  9  a.m.,  but 
again  without  appreciable  symptoms.  Four  days  later  he  took 
2  marms.  in  alcoholic  solution,  and  an  hour  afterwards  teit 
faint°and  ill,  with  a  feeling  of  giddiness;  the  pulse  was  irregular, 
of  normal  frequency  80  to  84.  About  three  hours  after  taking  the 
digitoxin;  Dr.  Koppe  attempted  to  take  a  walk,  but  the  nausea, 
accompanied  with  a  feeling  of  weakness,  became  so  intense  that 
he  was  obliged  to  return  to  the  house.  Five  hours  after  the 
dose,  his  pulse  was  58,  intermittent  after  about  every  30  to  50 
beats.  Vomiting  set  in,  the  matters  he  threw  up  were  of  a 
dark-green  colour;  after  vomiting  he  felt  better  for  a  quarter 
of  an  hour,  then  he  again  vomited  much  bilious  matter ;  the 
pulse  sank  to  40,  and  was  very  intermittent,  stopping  after 
e^ery  2  or  3  beats.  Every  time  there  was  an  intermission, 
he  felt  a  feeling  of  constriction  and  uneasiness  in  the  chest. 
Six  and  a  quarter  hours  after  the  dose,  there  was  again  violent 
vomiting  and  retching,  with  paleness  of  the  face.  The  muscular 
weakness  was  so  great  that  he  could  not  go  to  bed  without 
assistance.  He  had  a  disorder  of  vision,  so  that  the  traits  of 
persons  well-known  to  him  were  changed,  and  objects  had  a 
yellow-tint.  He  had  a  sleepless  night,  the  nausea  and  vomiting 
continuing.  During  the  following  day  the  symptoms  were  very 
similar,  and  the  pulse  intermittent,  54  per  minute.  He  passed 
another  restless  night,  his  short  sleep  being  disturbed  by  terrible 

*  Kyhnhorn,  Vierteljhrsschr  f.  Ger.  Med.,  1876,  n.  f.  xxiv.,  p.  402. 

+  There  is  an  interesting  case  on  record,  in  which  a  woman  died  from 
•the  expressed  juice  of  digitaUs.  She  was  twenty-seven  years  of  age,  and 
took  a  large  unknown  quantity  of  the  fi-eshly  expressed  juice  for  the 
purpose  of  relieving  a  swelhng  of  the  limbs.  The  symptoms  came  on 
almost  immediately,  she  was  very  sick,  and  was  attacked  by  a  menorrhagia. 
These  symptoms  continued  for  several  days  with  increasing  severity,  but 
it  was  not  until  the  fifth  day  that  she  obtained  medical  assistance.  She 
was  then  found  semi-comatose,  the  face  pale,  pulse  slow,  epigastrium 
painful  on  pressure,  diarrhoea,  and  hiccough  were  frequent.  She  died  on  the 
twelfth  day.  The  post-mortem  appearances  showed  nothing  referable  to 
digitalis  save  a  few  spots  of  inflammation  on  the  stomach.— Caussd,  Bull, 
de  Thirapeutique,  vol.  Ivi.,  p.  100;  Brit,  and  For.  Med.  Chir.  Review, 
vol.  XX vi.,  1860,  p.  523. 
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taT'^O  W  ^^"^  ^^^^  '^^y  somewhat  better,  the  pulse 

2o  f  litfl  Tr/^'r^u^  intermittent;  the  nausea\vas 

sleeB  to  fl."  ""^'r  ^te  night  was  similar  in  its  disturbed 
several  days%^''''^  ^''^'  "^"'^        ''^"''^        ^^^^  tealth  for 

A  third  case  may  be  quoted,  which  differs  very  markedly 
trom  the  preceding,  and  shows  what  a  protean  aspect  digitalin 
poisoning  may  assume.     A  woman,  twenty-three  years  old, 
took  on  June  26th,  at  7  a.m,  for  the  purpose  of  suicide,  16 
granules  of  digitalm.    Two  hours  later  there  was  shivering  and 
giddiness,  so  that  she  was  obliged  to  go  to  bed.    In  the  course 
ot  the  day,  she  had  hallucinations.    In  the  evening  at  8  p  m 
after  eating  a  little  food,  she  had  a  shivering-fit  so  violent  that 
her  teeth  chattered ;  there  was  cold  sweat,  and  difficulty  in 
breathing;  she  became  gradually  again  warm,  but  could  not 
sleep     At  1  a.m.  the  difficulty  of  breathing  was  so  great  that 
she  dragged  herself  to  the  window,  and  there  remained  until 
6  a.m.,  when  she  again  went  back  to  bed,  slept  until  7  a.m., 
and  woke  tolerably  well.    Since  this  attempt  of  self-destruction 
had  tailed,  she  took  40  granules.    After  one  hour  she  became 
gidxly,  had  hallucinations,  chilliness,  cold  sweats,  copious  vomiting, 
and  colicky  pains ;  there  Avas  great  muscular  weakness,  but  no 
diarrho3a.   Towards  evening  the  vomiting  became  worse.  There 
was  no  action  of  the  bowels,  nor  was  any  urine  passed ;  she 
felt  as  if  her  eyes  were  prominent  and  large.    The  sufferings 
described  lasted  during  the  whole  night  until  five  o'clock  the 
following  day,  when  the  vomiting  ceased,  whilst  the  halluci- 
nations, chilliness,  and  cold  sweat  continued ;  and  the  thirst,  sick 
feeling,  and  weakness  increased.    The  next  morning,  a  physician 
found  her  motionless  in  bed,  with  pale  face,  notable  double  ex- 
ophthalmus,  dilated  pupils,  and  cold  skin,  covered  with  sweat ; 
the  pulse  was  small  and  intermittent,  sometimes  scarcely  to  be 
felt  (46  to  48  per  minute);  the  epigastrium  was  painful  on  pressure. 
She  passed  this  second  night  without  sleep,  and  in  the  morning 
the  pulse  had  risen  from  56  to  58  beats,  hnt  was  not  quite  so 
intermittent.     There  was  some  action  of  the  bowels,  but  no 
urine  was  passed,  nor  had  any  been  voided  from  the  commence- 
ment ;  the  bladder  was  not  distended.    The  following  (third)  day 
some  red-coloured,  offensive  urine  was  passed ;  the  skin  was 
warmer,  and  the  pulse  from  60  to  64  still  somewhat  intermittent — 
from  this  time  she  began  to  improve,  and  made  a  good  recovery.! 

*  Arch.f.  Exp.  Path.  u.  Pharm.,  vol.  iii.,  p.  289,  1875. 
t  Related  by  Ducroix :  De  VEmpoisonnement  -par  laDigitale  et  laDigitaline. 
Paris,  1864. 
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§  477.  Physiolo(jical  Action  of  the  Digitalins.— Whatever  other 
physiological  action  this  group  may  have,  its  effects  on  the 
heart's  action  is  so  prominent  and  decided,  that  the  digitalms 
stand  as  a  type  of  heart  poisons.  The  group  of  heart  poisons 
has  been  much  extended  of  late  years,  and  has  been  found  to 
include  the  following :— Antiarin,  an  arrow  poison  ;  helleborin,  a 
glucoside  contained  in  the  hellebore  family ;  a  glucoside  found 
in  the  Apocynacece,  Thevatii  neriifolia,  and  Thevatia  iccotli ;  the 
poisonous  principle  of  the  Nerium  oleander  and  N.  odorum;  the 
glucoside  of  Taghinia  venenifera;  convallamarin,  derived  from 
species  of  convallaria ;  scillotoxin,  from  the  squill;  superbin,  from 
the  Indian  lily;  and  the  alkaloid  erythroephloein  from  the 
Frythrophlceum  judiciale  (see  p.  413  et  seq.).  This  list  is  yearly 
■increasing. 

§  478.  Loccd  Action.  — The  digitalins  have  an  exciting  or 
stimulating  action  if  applied  to  mucous  membranes — e.g.,  if  laid 
upon  the  nasal  mucous  surface,  sneezing  is  excited ;  if  applied  to 
the  eye,  there  is  redness  of  the  conjunctivae  with  smarting ;  if  to 
the  tongue,  there  is  much  irritation  and  a  bitter  taste.  The 
leaves,  the  extract,  and  the  tincture  have  all  this  directly  irritat- 
ing action,  for  they  all  redden  and  inflame  mucous  membranes. 

§  479.  Action  on  the  Heart. — The  earlier  experimenters  on  the 
influence  of  digitalis  on  the  heart  were  Stannius  and  Traube. 
Stannius*  experimented  on  cats,  and  found  strong  irregularity, 
and,  lastly,  cessation  in  diastole,  in  which  state  it  responded  no 
longer  to  stimuli.  Rabbits  and  birds — especially  those  birds 
which  lived  on  plants — were  not  so  susceptible,  nor  were  frogs. 

Traube  f  made  his  researches  on  dogs,  using  an  extract,  and 
administering  doses  which  corresponded  to  from  "5  to  4"0  grm. 
He  divided  the  symptoms  witnessed  into  four  stages  : — 

1st  Stage. — The  pulse  frequency  diminishes,  while  the  pressure 
of  the  blood  rises. 

2nd  Stage. — Not  seen  when  large  doses  are  employed  ;  pulse 
frequency,  as  well  as  blood  pressure  abnormally  low. 

3rd  Stage.  — ■  Pressure  low,  pulse  beats  above  the  normal 
frequency. 

The  slowing  of  the  heart  J  is  attributed  to  the  stimulus  of  the 
inhibitory  nerves,  but  the  later  condition  of  frequency  to  their 
*  Arch.  f.  Physiol. 

t  A  nn.  d.  Charit6-Kran7cenhaiises,  vol.  ii.,  p.  785. 

t  Slowing  of  the  pulse  was  mentioned  first  by  Withering.  {An  Account  of 
the  Foxglove,  Lond.,  1785.)  Beddoes  afterwards  observed  that  digitalis 
increased  the  force  of  the  circulation,  the  slowing  of  the  pulse  not  being 
always  observed ;  according  to  Ackermann,  if  the  inhibitory  apparatus  is 
affected  by  atroijine,  or  if  the  patient  is  under  deep  narcosis,  the  slowino-  is 
absent.  ° 
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paralysis.  After  the  section  of  the  vagi  the  slow  pulse  frequently 
remains,  and  this  is  explained  by  the  inhibitory  action  of  the 
cardiac  centre.  The  vagus,  in  point  of  time,  is  paralysed  earlier 
than  the  muscular  substance  of  the  heart. 

The  increased  blood  pressure,  Traube  attributed  to  increased 
energy  of  the  heart's  contraction,  through  the  motor  centre  being 
stimulated  later;  the  commencing  paralysis  explains  the  abnor- 
mally low  pressure. 

wT^^^®  a^so  an  influence  on  vaso-motor  nerves. 

What  Dr.  Johnson  has  described  as  the  "  stop-cock "  action  of 
the  small  arteries  comes  into  play,  the  small  arteries  contract 
and  attempt,  as  it  were,  to  limit  the  supply  of  poisoned  blood. 
Ackermann,*  indeed,  witnessed  this  phenomenon  in  a  rabbit's 
mesentery,  distinctly  seeing  the  arteries  contract,  and  the  blood 
pressure  rise  after  section  of  the  spinal  cord.  This  observation, 
therefore,  of  Ackermann's  (together  with  experiments  of  Bohm  t 
and  L.  Brunton),J  somewhat  modifies  Traube's  explanation,  and 
the  views  generally  accepted  respecting  the  cause  of  the  increased 
blood  pressure  may  be  stated  thus :— The  pressure  is  due  to  pro- 
longation of  the  systolic  stroke  of  the  cardiac  pump,  and  to  the 
stop-cock  "  action  of  the  arteries  ;  in  other  words,  there  is  an 
increase  of  force  from  behind  {vis  a  tergo),  and  an  increased 
resistance  in  front  (vis  a  fronte). 

§  480.  Action  of  the  Digitalins  on  the  Muco- Intestinal  Tract  and 
other  Organs. — In-  addition  to  that  on  the  heart,  there  are  other 
actions  of  the  digitalins ;  for  example,  by  whatever  channel  the 
poison  is  introduced,  vomiting  has  been  observed.  Even  in 
frogs  this,  in  a  rudimentary  manner,  occurs.  The  diuretic  action 
which  has  been  noticed  in  man  is  wanting  in  animals,  nor  has  a 
lessened  diminution  of  urea  been  confirmed. 

Ackermann  found  the  temperature  during  the  period  of  in- 
creased blood  pressure  raised  superficially,  but  lowered  internally. 
According  to  Boeck§  there  is  no  increase  in  the  decomposition 
of  the  albuminoids. 

§  481.  The  Action  of  Digitalin  on  the  Common  Blow-fly. — I  have  recently 
studied  the  effects  of  digitalin,  made  up  into  a  thin  paste  with  water,  and 
Eipplied  to  the  head  of  the  common  blow-fly.  There  are  at  once  great  signs 
of  irritation,  the  sucker  is  extruded  to  its  full  length,  and  the  fly  works  its 
fore  feet,  attempting  to  brush  or  remove  the  irritating  agent.  The  next 
symptom  is  a  difficulty  in  walking  up  a  perpendicular  glass  surface.  This 
difficulty  increases,  but  it  is  distinctly  observed  that  weakness  and  j)aralysis 
occur  in  the  legs  before  they  are  seen  in  the  wings.    Within  an  hour  the 

*  Deutsch.  Arch.  f.  Klin.  Med.,  vol.  xix.,  p.  125. 
+  Archiv  f.  d.  Ges.  Phys.,  vol.  v.,  p.  153. 

t  "  On  digitalis,  with  some  observations  on  the  urine."    Lond.,  1SC8. 
§  Intoxication,  p.  404. 
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wino-s  become  paralysed  also,  and  the  fly,  if  jerked  from  its  support,  falls 
like"a  stone.  The  insect  becomes  dull  and  motionless,  and  ultimately  dies 
in  from  ten  to  twenty-four  hours.  I  also  noticed  that  a  dose,  in  itself 
insufficient  to  destroy  life,  did  so  on  repetition  at  intervals  of  a  couple  of 
hours.  The  observation  is  not  without  interest,  inasmuch  as  it  shows  that 
the  digitaUns  are  toxic  substances  to  the  muscular  substance  of  even  those 
life-forms  which  do  not  possess  a  heart. 

§  482.  Action  of  the  Digitalins  on  the  Frog's  Heart. — The 
general  action  of  the  digitalins  is  best  studied  on  the  heart  of 
the  frog.  Drs.  Fagge  and  Stevenson  have  shown  *  that,  under 
the  influence  of  digitalin,  there  is  a  peculiar  form  of  irregularity 
in  the  beats  of  the  heart  in  the  frog ;  the  ventricle  ultimately 
stops  in  the  white  contracted  state,  the  voluntary  power  being 
retained  for  fifteen  to  twenty  minutes  afterwards  ;  in  very  large 
doses  there  is,  however,  at  once  paralysis.  Lauder  Bruntonf 
considers  the  action  on  the  heart  to  essentially  consist  in  the 
prolongation  of  the  systole. 

Atropine  or  curare  have  no  influence  on  the  heart  thus 
poisoned.  If  the  animal  under  the  influence  of  digitalin  be 
treated  with  muscarine,  it  stops  in  diastole  instead  of  systole. 
On  the  other  hand,  the  heart  poisoned  by  muscarine  is  relieved 
by  digitalin,  and  a  similar  influence  appears  to  be  exercised  by 
atropine.  The  systolic  stillness  of  the  heart  is  also  removed  by 
substances  which  paralyse  the  heart,  as  delphinin,  saponin,  and 
apomorphin. 

Large  doses  of  digitalin,  thrown  suddenly  on  the  circulation 
by  intravenous  injection,  cause  convulsions  and  sudden  death, 
from  quick  palsy  of  the  heart.  With  frogs  under  these  circum- 
stances there  are  no  convulsions,  but  a  reflex  depression,  which, 
according  to  Weil  %  Meihuizen,§  disappears  on  decapitation. 
The  central  cerebral  symptoms  are  without  doubt  partly  due  to 
the  disturbance  of  the  circulation,  and  there  is  good  ground  for 
attributing  them  also  to  a  toxic  action  on  the  nervous  substance. 
The  arteries  are  afiected  as  well  as  the  heart,  and  are  reduced  in 
calibre ;  the  blood-pressure  is  also  increased.  ||    This  is  essen- 


*  Gurfs  Hospl.  Reports,  3rd  ver.,  vol.  xii.,  p.  37. 

+  "  On  digitalis,  with  some  observations  on  the  urine."    Lend.  1S68. 

+  Archivf.  Anat.  u.  Phijsiol.,  1871,  p.  282. 

§  Archivf.  d.  ges.  PhysiuL,  vol.  vii.,  p.  201. 

II  The  following  is  a  brief  summary  of  observations  on  the  blood  pressure  ■ 
four  stages  may  be  noticed— (1)  Rise  of  normal  blood  pressure,  not 
necessarily  accompanied  vidth  a  diminution  of  pulse  frequency  ;  (2)  con- 
tinuation of  heightened  blood  pressure,  the  pulse  being  raised  beyond  the 
normal  rate ;  (3)  continued  high  pressure,  with  great  irregularity  of  the 
heart  and  mtermittent  pulse ;  (4)  quick  depression  of  pressure,  sudden 
stopping  of  the  heart,  and  death. 
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tially  due  to  the  firm,  strong  contraction  of  the  heart,  and  also 
to  the  "  stop-cock  "  action  of  the  small  arteries*  ' 

§  483.  Post-mortem  Appearances.—ln  the  case  of  the  recruit 
poisoned  by  digitalis  leaf  (p.  406),  the  blood  was  found  dark  and 
fluid;  the  right  ventricle  and  auricle  of  the  heart  were  filled  with 
blood,  the  left  empty;  the  brain  and  its  membrane  were  aneemic; 
the  stomach  and  mucous  membrane  of  the  intestines  were  in 
parts  ecchymosed,  and  there  were  patches  of  injection.  In  the 
case  of  the  widow  De  Pauw,  poisoned  with  digitalin  by  the 
homoeopath  (Oonty  de  la  Pommerais),  the  only  abnormality  dis- 
covered was  a  few  hypersemic  points  in  the  mucous  membrane 
of  the  stomach  and  small  intestines.  It  is  then  certain  that 
although  more  or  less  redness  of  the  lining  membrane  of  the 
intestine  track  may  be  present,  yet,  on  the  other  hand,  the  active 
principle  of  the  digitalis  may  destroy  life,  and  leave  no  appreci- 
able sign. 

§  484.  Separation  of  the  Digitalins  from  Animal  Tissues,  &c. — 
It  is  best  to  make  an  alcoholic  extract  after  the  method  of  Stas, 
the  alcohol  being  feebly  acidulated  by  acetic  acid,  and  all  opera- 
tions being  carried  on  at  a  temperature  below  60°.  The  alcoholic 
extract  is  dissolved  in  water  feebly  acidulated  by  acetic  acid,  and 
shaken  up,  first  with  petroleum  ether  to  remove  impurities  (the 
ether  will  not  dissolve  any  of  the  digitalins),  then  with  benzene, 
and,  lastly,  with  chloroform.  The  benzene  dissolves  digitalein, 
and  the  chloroform,  digitalin  and  digitoxin.  On  allowing  these 
solvents  to  evaporate  spontaneously,  residues  are  obtained  which 
will  give  the  reactions  already  detailed.  Neither  the  bromine 
nor  any  other  chemical  test  is  sufficient  to  identify  the  digitalins; 
it  is  absolutely  necessary  to  have  resource  to  physiological  experi- 
ment. The  method  used  by  Tardieu  in  the  classical  Pommerais 
case  may  serve  as  a  model,  more  especially  the  experiments  on 
frogs.  .Three  frogs  were  properly  secured,  the  hearts  exposed, 
and  the  beats  counted.  The  number  of  beats  was  found  to  be 
fairly  equal.  Frog  No.  1  was  placed  under  such  conditions 
that  the  heart  was  constantly  moist.  Frog  No.  3  was  poisoned 
by  injecting  into  the  pleura  6  drops  of  a  solution  in  which  10 
mgrms.  of  digitalin  were  dissolved  in  5  cc.  of  water.  The  third 
frog  was  poisoned  by  a  solution  of  the  suspected  extract.  The 
number  of  beats  per  minute  were  now  counted  at  definite 
intervals  of  time  as  follows : — 

*  According'to  Boelim  {Arch.  f.  d.  Oes.  Physiol,  Bd.  v.,  S.  189)  and  to 
Williams  {Arch.  f.  Exper.  Pathol,  Bd.  xiii.,  S.  2).  the  rise  of  pressure  is 
due  entirely  to  the  heart,  and  not  to  the  contractions  of  the  small  arteries  ; 
but  I  fail  to  see  how  the  small  ai-teries  can  contract,  and  yet  not  heighten 
the  pressure. 
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TABLE  XXI. -ACTION  OF  DIGITALIN  ON  THE  FROG'S  HEART. 


Frog  No.  1. 
TJnpoisoned. 

Frog  No.  2. 
Poisoned  by  a  Ijnown 
quantity  of  digitalin. 

J:  lOg  iNO.  O, 

Poisoned  by  the  suspected 
extract. 

No.  of  tjeats  per  minute. 

No.  of  beats  per  minute. 

After  6  minutes,  42 

20 

26 

„   10      „  40 

16  irregular. 

24  irregular. 

„   20      „  40 

15 

20  „ 

„   28       „  38 

0 

12  very  irregular. 

„   31      „  36 

0 

0 

In  operating  in  this  way — which  is  strictly  comparative,  and, 
with  care,  has  few  sources  of  error — if  the  heart  of  the  frog 
poisoned  with  the  unknown  extract  behaves  in  the  number  and 
irregularity  of  its  contractions  similarly  to  that  of  the  digitalin- 
poisoned  heart,  it  is  a  fair  inference  that  at  all  events  a  "  heart- 
poison  "  has  been  separated ;  but  it  is,  of  course,  open  to  question 
whether  this  is  a  digitalin  or  one  of  the  numerous  groups  of 
glucosides  acting  in  the  same  way.  If  sufficient  quantity  has 
been  separated,  chemical  reactions,  especially  the  bromine  test 
(Grandeau's  test),  may  decide,  but  with  the  larger  number 
(yearly  increasing)  of  substances  acting  similarly  on  the  heart, 
great  caution  in  giving  an  opinion  will  be  necessary. 


II.— OTHER  POISONOUS  GLUCOSIDES  ACTING  ON 

THE  HEART. 

§  485.  Several  members  of  these  glucosides  have  been  recently 
studied  by  Schmiedeberg,*  and  his  convenient  divisions  will  be 
followed  here  i—^ 

1.  CRYSTALLISABLE  GLUCOSIDES. 

Antiarin  C14H20O5. — Aatiarin  is  an  arrow  poison  obtained  from  the 
milky  juice  of  the  Antiaris  toxicaria  growing  in  Java.  Antiarin  is 
obtained  in  crystals,  by  first  treating  the  inspissated  milky  juice  with. 

*  BeUrage  zur  Kentnisa  der  Pharmakol.  Gruppe  des  Digitalins. 
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up  wath  water,  precipitated  with  lead  acetate,  filtered  ^nd  f  rom  tL  fi  tx  ate 
antiarm  obtained  by  freeing  the  solution  from  lead,  and  tl  envaporatin? 
De  Vry  and  Ludwig  obtained  about  4  per  cent,  from  tl  e  iiiL  ffiiarfn 
St  th^^^^^^^^^^^  containing  2  Lms  of  water.  ItsSting^oint"  s 

en  as  lA)  b  ;  the  crystals  are  soluble  m  water  (254  parts  cold  27-4  mr+« 
boilxng),  they  are  not  soluble  in  benzene,  and  with  difficVty  iu  ether  Imrt 
of  antiarin  requiring  2,792  parts  of  ether.  ^  '    ^  ^ 

x.-??^-T^.*^''^-'°^''^'°''-  f  """^  precipitated  by  metallic  salts.    On  warming 

TnilS    '^'T''^  ^''^''''^  -^e^^*^  ^  sugar  Coi 

centrated  sulphuric  acid  gives  with  antiarin  a  yellow-brown  solution 
hydrochloric  and  nitric  acids  strike  no  distinctive  colours  solution, 
§  486.^/ec«s.-Autiarin  is  essentially  a  muscular  and  a  heart  poison 
When  given  m  a  sufficient  dose  it  kills  a  frog  in  from  half  an  ho,^  to  an 
hour.  Its  most  marked  effect  is  on  the  cardiac  muscle,  the  heart  beats 
more  and  more  slowly  and  at  last  stops,  the  ventricle  being  firmlv 
contracted  As  with  digitalm,  there  is  a  very  marked  prolongation  of  the 
systole  and  as  with  digitahn,  after  the  beats  have  ceased,  a  forcible  dilata- 
.  ventricle  will  restore  them  (Schmiedeberg).  It  is  doubtful 
whether  by  physiological  experiment  antiarin  could  be  differentiated  from 
digitabn. 

§  487.  Separation  of  Antiarin.— hi  any  case  of  poisoning  by  antiarin  it 
would  be  best  to  extract  with  alcohol,  evaporate,  dissolve  the  alcoholic 
extract  in  water,  precipitate  with  lead  acetate,  filter,  free  the  filtrate  from 
lead,  and  then,  after  alkalismg  with  ammonia,  shake  the  filtrate  successively 
with  petroleum  ether,  benzene,  and  a  small  quantity  of  ether  in  the  manner 
recommended  at  page  224,  et  seq.  The  liquid  now  freed  from  all  fatty,  resinous 
and  alkaloidal  bodies  is  neutralised  and  evaporated  to  dryness  in  a  vacuum' 
and  the  dry  residue  taken  up  with  absolute  alcohol,  filtered,  the  alcohol 
evaporated  at  a  very  low  temperature,  and  finally  the  extract  dissolved  in 
a  small  quantity  of  water,  and  submitted  to  physiological  tests. 

§  488.  The  -Active  Principles  of  the  Hellebores. — The  Christmas 
rose  (Helleborus  niger)  as  well  as  H.  viridis,  H.  foetidus,  and,  in 
short,  all  the  species  of  hellebore  are  poisonous,  and  if  the  root 
is  treated  by  alcohol,  from  the  alcoholic  extract  may  be  separated 
two  glucosides,  helleborin  and  helleborein. 

Helleborin  is  in  the  form  of  white  glittering  needles,  which, 
if  placed  on  the  tongue,  are  almost  tasteless,  but  if  dissolved  in 
alcohol,  and  then  tasted,  give  a  burning,  numbing  sensation. 
By  boiling  with  zinc  chloride,  helleborin  splits  up  into  sugar 
and  a  resin — helleboresin.  Concentrated  sulphuric  acid  dissolves 
the  crystals  with  the  production  of  a  beautiful  red  colour;  on 
standing  the  solution  after  a  while  becomes  colourless,  and  a 
white  powder  separates. 

Helleborein  forms  colourless  crystals,  mostly  consisting  of  fine 
needles ;  they  have  a  bitter  taste,  excite  sneezing,  and  are  very 
hygroscopic.  The  crystals  easily  dissolve  in  water  and  dilute 
alcohol,  but  are  with  difficulty  soluble  in  absolute  alcohol,  and 
not  soluble  in  ether.    They  dissolve  in  fatty  oils.  Helleborein 
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splits  by  the  action  of  mineral  acids  into  sugar  and  amorplious 

Helleboretin  is  in  the  moist  condition  of  a  beautiful  violet-blue 
colour  becoming,  when  dried  at  100°,  dirty  green.  Concentrated 
sulphuric  acid  dissolves  it  with  the  production  of  a  brown-yellow 
colour,  which  on  standing  passes  into  violet  and  then  into  brown. 

Marme  separated  from  H.  fo&tidus,  in  addition,  a  white, 
intensely  odorous  substance,  but  too  small  in  quantity  to 
thoroughly  investigate  its  properties. 

§  489.  There  is  little  doubt  that  hellebore  owes  its  properties 
to  the  glucosides  just  described.  There  are  several  instances  of 
poisoning  by  hellebore  root,*  and  by  the  pharmaceutical  prepara- 
tions, but  none  of  poisoning  by  the  pure  active  principles. 
Morgagni  mentions  a  case  in  which  2  grms.  (nearly  31  grains)  of 
the  watery  extract  of  H.  niger  caused  death  within  eight  hours ; 
and  Ferrari  saw,  after  the  use  of  the  wine  in  which  the  root 
had  been  boiled,  two  persons  poisoned  with  a  like  result.  A 
more  recent  case  was  recorded  by  Felletar,  in  1875,  in  which 
a  person  died  from  an  infusion  of  hellebore  ;  there  was,  however, 
old  standing  heart-disease,  so  that  there  may  be  a  doubt  as  to 
the  real  cause  of  death  in  this  instance.  Schauenstein  mentions 
a  case  in  which  the  roots  of  hellebore  were  accidentally  used  in 
soup,  but  the  bitter  taste  prevented  any  quantity  being  eaten. 
The  physiological  action,  especially  of  helleborein,  is  that  of 
an  intense  heart  poison,  and  the  symptoms  produced  by  the 
hellebores  are  so  strikingly  like  those  of  the  digitalins  that  it 
might  be  difficult  to  distinguish  clinically  between  them.  In 
any  case  of  poisoning,  the  active  principle  must  be  separated  in 
the  form  of  an  alcoholic  extract,  and  identified  as  a  heart  poison 
by  physiological  experiment. 

§  490.  Euonymin  is  found  in  a  resin  obtained  from  the  Euonymus  atropur- 
pureus;  it  is  crystalline,  crystallising  in  colourless,  cauliflower-like  masses 
consisting  of  groups  of  stellate  needles,  which  are  soluble  in  water,  but 
with  difficulty  in  alcohol.  It  is  a  glucoside  and  a  powerful  heart  poison, 
1  mgrm.  causing  the  heart  of  a  frog  to  cease  in  diastole,  t 

§  491.  Thevetin  (Cfl4H4802. — A  glucoside  which  has  been  separated  from 
the  Thevetia  nereifolia,  and  perhaps  also  from  the  Cerhtra  Odallam.  It  is 
sohible  iu  124  parts  of  water  at  14*,  and  is  easily  soluble  in  spirit,  but  not  in 
ether.  It  is  coloured  by  sulphuric  acid  red-brown,  passing  into  cherry-red, 
and  then,  in  a  few  hours,  into  violet.    On  boiling  with  diluted  acids,  it 

*  There  used  to  be  a  tincture  officinal  in  our  pharmacopoeia  ;  the  root 
of  H.  viridis  is  officinal  in  the  German  pharmacopoeia,  maximum  sino-lo 
dose,  "3  grm. ;  maximum  total  quantity  in  twenty-four  hours,  1-2  grm. 
The  tincture  is  also  officinal  on  the  Continent. 

+  Schmiedeberg,  Op.  ci<.,  from  unpublished  researches  of  Professor  H» 
Meyer,  Dorpat. 
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^L^'^t^^^  ^-^^^  *^-tin  and  theveresiu  are 

2.  SUBSTANCES  PARTLY  CRYSTALLISABLE  BUT  WHICH 
ARE  NOT  GLUCOSIDES. 

lolioSlv+n^T^"^'''  jejy  Poisoiious  substance  which  belongs  physio- 
logically to  this  group,  but  does  not  seem  to  Ije  a  glucoside     It  is  soluble 

In         /  ^°  ^^'^  chloroform.-    It  ^  found 

fl  \l    T  \  or  onaje,  a  West  Afi-ican  poison  derived 

from  the  Strophanthus  uspzdus  of  the  family  of  the  apocynacL  The  poison 
has  been  investigated  by  several  observers  t  lJ"iaou 

r.v?Z'J}?l^ .T^'f^^^'l'  ^'T  experiments,  (1.)  That  strophantin  acts 
primardy  on  the  heart,  producmg,  as  an  end  result,  heart  paralysis  with 
permanence  of  the  ventricular  systole.  (2.)  He  found  the  pulmonary 
respiration  to  continue  in  cold-blooded  animals,  many  minutes  after  the 
heart  was  paralysed.  (3.)  The  striped  muscles  of  the'^body  are  affected! 
and  twitches  occur  in  them  ;  then-  tonicity  is  exaggerated,  and  finaUy  their 
functional  actmty  IS  destroyed.  This  change  if  referred  to  an  action  on 
the  muscular  structure  itself,  mdependent  of  that  upon  the  heart,  and  also 
independent  of  the  cerebro-spinal  nervous  system.  (4.)  The  reflex  action 
ot  the  spmal  cord  is  suspended  after  the  heart  is  paralysed,  but  the  motor 
conductivity  of  the  spinal  cord  and  of  the  nerve  trunks  contuiue  after 
the  striped  muscles  of  the  body  are  paralysed.  (5.)  The  lymph-hearts  of 
the  trog  continue  to  contract  for  many  minutes  after  the  lilood-heart  has 
been  paralysed. 

§  493.  Apocynin.~ln  the  root  of  Apocynum  cannaUnuvi  a  non-crystal- 
lisable  substance,  soluble  m  alcohol  and  ether,  but  not  soluble  easily  in 
•water,  has  been  separated  and  found  to  have  a  physiolocrical  activity 
similar  to  that  of  the  digitalins.i  ■'       =.  j 


3.  NON-CRYSTALLISABLE  GLUCOSIDES  ALMOST 
INSOLUBLE  IN  WATER. 

§  494.  Scillain,  or  Scillitin,  a  glucoside  which  has  been 
separated  from  the  bulbs  of  the  common  squill.  It  is  insoluble 
or  nearly  so  in  water,  but  easily  dissolves  in  alcohol.  It  is  little 
soluble  in  ether.    It  acts  upon  the  heart,  and  is  poisonous. 

Adonidin,  a  very  similar  substance,  has  been  separated  from 
the  root  of  the  Adonis  vernalis  (Nat.  Ord.  Banunculacem),  to  whicli 
the  name  of  adonidin  §  has  been  given.    It  is  an  amorphous, 

*  Husemann,  Arclnvf.  Exper.  Path.  u.  PharmalcoL,  Bd.  v.,  S.  228,  1876. 
t  Digitoxin  (see  ante,  p.  401),  belongs  to  this  group. 

t  Hardy  et  Callois,  Sur  la  matiere  active  du  Siroplianthus  Hispidus  on 
In6e,"  Oaz.  Med.  de  Paris;  Pelikan,  Compt.  Bend.,  t.  60,  p.  1209,  1815; 
Sharpey,  Proc.  Roy.  Sac,  May,  1865;  Pagge  and  Stevenson,  Pharm. 
Journal,  p.  11,  1865 -66;  Fraser,  Journ.  of  Anatom.  and  Phys.,  also 
Proc.  of  Roy.  Soc.  of  Edin.;  Poillo  and  Carville,  Arch,  de  PhysloL  Norm, 
et  Pathol.,  1872;  G.  Valentm,  Zeitschr.  f.  Biologic.,  x.  133,  1874. 

§  Cervello,  Archivfur  Exp.  Path.  Pharm.,  1882,  p.  338. 
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colourless  substance,  without  odour;  soluble  in  alcohol,  but  with 
difficulty  soluble  in  ether  -and  water.  It  is  precipitated^  by 
tannin,  and  on  saponification  by  mineral  acids,  splits  up_  into 
sucar  and  a  substance  soluble  in  ether.  The  effects  on  animals 
are  identical  with  those  of  digitalin.  The  root  has  been  used 
recently  in  medicine,  and  found  to  slow  the  heart  and  increase 
the  urinary  secretion ;  in  this  also  it  is  like  digitalis. 

S  495  Oleandrin.— Oleander  leaves  contain  two  chemically- 
different,  nitrogen-free  substances.  The  one  is  probably 
identical  with  digitalein  ;  but  as  this  is  not  certain,  Schmiede- 
berg  proposes  to  call  it  provisionally  neriin.  The  other  active 
substance  is  essentially  the  same  as  the  oleandrin  of  Lukomske 
and  Betelli.  t  Oleandrin  has  basic  properties,  and  is  separated 
in  the  form  of  an  amorphous  mass,  soluble  in  alcohol, 
ether,  and  chloroform,  and  slightly  soluble  in  water. 
Schmiedeberg  obtained  a  third  product  from  African  leaves, 
which  he  calls  nerianthin.  This,  on  treatment  with  sulphuric 
acid  and  bromine,  gives  a  beautiful  colour  peculiar  to  oleander 
leaves.  It  is  very  similar  in  physiological  and  chemical  properties 
to  digitalin,  and  is  probably  derived  by  decomposition  from  one 
of  the  principles  already  described.  There  is  also  a  product 
similar  to  digitaliresin. 

The  active  principles  of  the  oleander  are  separated  by  digestion 
of  the  leaves  with  alcohol  of  50  per  cent.,  and  precipitating  the 
alcoholic  extract  with  lead  acetate  and  ammonia.  The  first  pre- 
cipitate is  yellow,  and  is  probably  composed  of  a  tannin-like 
substance ;  the  next  precipitate  is  white,  consisting  of  the  lead 
compound  of  neriin.  The  precipitates  are  filtered  off,  and  the 
filtrate  concentrated  ;  nerianthin,  after  a  while,  separates  in  light 
flocks,  and  the  filtrate  from  this  contains  some  of  the  other 
products. 

§  496.  Neriin  or  Oleander  Digitalin. — l>5"eriin  is,  in  the  presence 
of  much  free  mineral  acid,  precipitated  by  potass-bismuth  iodide, 
a  reaction  first  pointed  out  by  Marme,J  as  useful  in  the  isolation 
of  the  helleborins;  or  it  may  be  precipitated  by  tannin,  and  then  the 
precipitate  decomposed  by  dissolving  in  alcohol,  and  evaporating  it 
to  dryness  with  zinc  oxide  on  the  water  bath.  It  is  next  extracted 
by  absolute  alcohol,  and  precipitated  by  the  addition  of  much 
ether.  The  further  purification  consists  of  resolution  in  alcohol, 
and  fractional  precipitation  by  ether.  If,  however,  the  potass- 
bismuth  iodide  process  is  used,  the  liquid  must  be  acidified 

*  Repert.  de  Chimie  de  Wurtz  et  Bareswill,  t.  iii.,  p.  77,  1861. 

t  Bull.  Med.  di  Boloqna,  t.  xix.,  p.  321,  1865. 

t  Zeitschr.f.  Bat.  Med.  [3  R.],  Bd.  xxvi.,  S.  1,  1866. 
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fZS/  ^}^lpli"rio  acid,  and  the  precipitate  washed  with 

Wvt    fil^  T'"'^^\         precipitate  may  be  decomposerby 

o^^^Ct^^^^^^^^^^^^^^  -^^^  to 

The  filtrate  will  also  contain  some  oleandrin  which,  by  evapor- 
ating slowly  m  a  vacuum,  separates  gradually  in  the  form  of  a 
clear,  resinous  mass.  It  can  be  filtered  off",  and  the  neriin  then 
may  be  precipitated  pure  by  fractional  precipitation.  Its 
physiological  action  is  the  same  as  that  of  digitalein 

§  497.  The  nerium  oleander  has  several  times  caused  grave 
symptoms  of  poisoning,  and  they  have  usually  fairly  a|reed 
with  those  produced  by  foxglove.  Tor  example,  Maschka* 
relates  the  case  of  a  boy,  two  years  old,  who  eat  two  handfuls 
of  the  nerium  oleander.  The  effects  commenced  in  ten  minutes 
the  child  was  uneasy,  and  vomited.  In  six  hours  a  sleepy 
condition  came  on;  the  face  was  pale,  the  skin  cold,  the  pupils 
contracted,  and  the  pulse  slow  and  irregular.  After  the  sickness 
the  boy  woke  up, "but  again  fell  asleep,  and  this  occurred 
frequently ;  cofi"ee  was  given,  which  appeared  to  do  good  The 
pulse  was  intermittent.  On  the  following  day  the  child  was  still 
ill,  with  an  intermittent  pulse,  frequent  vomiting,  feebleness, 
sleeplessness,  and  dilatation  of  the  pupil ;  there  was  no  diarrhoea, 
on  the  contrary,  the  bowels  were  confined.  On  the  third  day 
rocovery  followed. 

In  an  Indian  case,t  the  symptoms  were  altogether  peculiar, 
and  belonged  rather  to  the  convulsive  order.  A  wood-cutter, 
aged  thirty-five,  near  Kholapore,  took,  for  the  purpose  of  suicide,' 
a  little  over  an  ounce  of  the  expressed  juice  of  the  oleander. 
The  symptoms  began  so  rapidly  that  he  had  not  time  to  walk 
five  yards  before  he  fell  insensible ;  he  was  brought  to  the 
hospital  in  this  state ;  the  face  on  his  arrival  was  noticed  to  be 
flushed,  the  breathing  stertorous,  there  were  violent  spasmodic 
contractions  of  the  whole  body,  more  marked  on  the  left  than  on 
the  right  side.  The  effect  of  this  was  remarkable.  During  the 
intervals  of  the  spasm,  the  patient  lay  evenly  on  his  back,  and 
when  the  convulsion  commenced  the  superior  contraction  of  the 
left  side  threw  him  on  to  the  right,  in  which  position  he  remained 
during  the  paroxysm,  after  the  subsidence  of  which  he  fell  back 
into  his  old  position.    The  evacuations  were  involuntary  and 

*  Vierteljahrsschrift,  Bd.  ii.,  No.  17,  1860.    Brit,  and  For.  Med.  Chir. 
Jteview,  vol.  xxvi.,  p.  523,  1860. 

t  Transac.  of  Med.  a7id  Phys.  Sac.  of  Bombay,  1859. 
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watery  the  man  was  insensible,  with  frequent  convulsions  of  the, 
kind  described,  for  two  days,  but  on  the  third  day  became  con-  • 
scious,  and  made  a  good  recovery.  _  ' 

In  any  case  of  poisoning,  the  methods  by  which  nerium  and . 
oleandrin  are  separated  from  the  plant  can  be  applied  to  separate  . 
them  from  the  tissues  with  more  or  less  success.    Here,  as  in  all , 
the  other  digitalin-like  glucosides,  physiological  tests  are  alone 
of  value  in  the  final  identification. 

§  49S.  The  Madagascar  Ordeal  Poison.— To  this  group  may  also  belong 
the  poison  of  the  Tauchinia  venenifera,  a  tree  in  the  Island  of  Madagascar, 
the  fniit  of  which  is  used  as  an  ordeal  poison.  It  may  be  obtained  m 
crystals ;  ib  is  insoluble  in  water,  and  very  poisonous.  The  upas  of  Singapore 
is  also  said  to  contain  with  strychnine  a  glucoside  similar  to  antiann. 


4.  SUBSTANCES  WHICH,  WITH  OTHER  TOXIC  EFFECTS, 
BEHAVE  LIKE  THE  DIGITALIS. 

§  499.  Erythrophlein  is  an  alkaloid,  not  a  glucoside,  and  iS' 
obtained  from  the  bark  of  the  Erythrophlmum  guineense  (West 
Africa).  It  acts  on  the  heart  like  digitalis,  and  has  also  effects 
similar  to  picrotoxin. 


III.— SAPONIN. 

§  500.  Saponin  (OggHg^O^g)  is  a  glucoside,  which,  in  an  impure 
state,  has  been  known  under  various  names,  such  as  struthin, 
quillajin,  senigin,  polygalin,  cithagin,  monninin,  and  monesia, 
names  suggested  by  the  respective  plants  yielding  the  principle. 

Saponin  was  first  discovered  by  Schrader  in  the  root  of 
Saponaria  officinalis,  but  it  has  since  been  found  in  a  variety  of 
other  plants,  more  especially  in  those  belonging  to  the  natural 
order  of  clove-worts  (Caryophyllacect).  A  few  of  the  plants  known 
to  yield  saponin  by  appropriate  treatment  are  as  follows  : — 
Gypsophila  Struthium,  Agrostemma  Githago  (corn-cockle).  Poly- 
gala  Senega,  Monninapolystacliia,  the  bark  of  the  Quillaja  saponaria, 
and  the  Ghrysophyllmn  glycyphlcBum. 

Saponin  is  an  undoubted  pois'on,  and  it  may  be  of  considerable 
importance  to  the  chemical  expert  to  be  acquainted  with  the 
best  methods  of  extracting  it  from  organic  substances,  since  it  is 
occasionally  conveyed  into  flour  by  accident,  the  seeds  of  the 
common  corn-cockle  being  ground  up  with  the  wheat.  The 
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-FoX' 1?  proportion  of  saponin  (see  vol  i. 

oods  p.  1 5d).  It  IS  not  impossible  that  some  of  the  mysterious 
cases  of  poisonmg  which  have  occurred  from  time  to  time  after 
eatmg  buns,  cakes,  or  bread,  have  been  caused  by  this  agent,  for 
saponin  would  be  overlooked  by  routine  and  ordinary  methods 
ot  toxicological  research. 

§501  Froperties.Sa^onin  is  a  white  amorphous  .powder, 
very  soluble  in  water,  to  which  it  gives  the  curious  property  of 
Irothmg  just  like  soap  solution.  To  obtain  this  effect  there 
must  be  at  least  1  mgrm.  in  1  cc.  of  liquid.  Saponin  is  neutral 
m  reaction,  it  has  no  odour,  but  causes  sneezing  if  applied  to  the 
mucous  membrane  of  the  nose ;  the  taste  is  at  first  sweet,  and 
then  sharp  and  acrid.  It  is  almost  entirely  insoluble  in  absolute 
alcohol,  but  dissolves  in  hot  alcohol  of  83°  to  separate  again 
nearly  completely  on  cooling.  It  is  precipitated  by  basic  lead 
acetate,  and  also  by  baryta  water,  but  in  each  case  it  is  advisable 
to  operate  on  concentrated  solutions.  Picric  acid,  mercuric 
chloride  and  alkaloidal  "group  reagents"  give  no  precipitate. 
W  hen  a  little  of  the  solid  substance  is  treated  Avith  "  Nessler  " 
reagent,  there  is  a  greenish  or  yellow  colour  produced.  A  drop 
of  strong  sulphuric  acid,  mixed  with  a  minute  quantity  of 
saponin,  strikes  slowly  a  bright  red  colour,  which,  on  heating, 
deepens  to  maroon-brown.  Nordhausen  sulphuric  acid  shows 
this  better  and  more  rapidly.  If  saponin  is  boiled  with  dilute 
acids  it  breaks  up  into  sapogenin  and  sugar,  and  therefore  the 
liquid  after  neutralisation  reduces  "  Fehling."  This  reaction  is 
after  the  following  equation  : — ■ 

Saponin.  Sapogenin.  Sugar. 

C32H54O18  +  2H2O  =  Ci^HosOa  +  SOcHiaOe. 

Sapogenin  may  be  separated  by  evaporating  the  neutralised 
liquid  to  dryness,  treating  the  dry  residue  with  ether,  which 
dissolves  out  the  sapogenin,  and  finally  recovering  the  substance 
from  the  ethereal  solution,  and  crystallising  it  from  hot  alcohol. 
Crystals  are  readily  obtained  if  the  alcoholic  solution  is  allowed 
to  evaporate  spontaneously.  A  solution  of  saponin  exposed  to 
the  air  gets  turbid,  and  develops  carbon  dioxide ;  not  uiifre- 
quently  the  solution  becomes  mouldy. 

§  502.  Ejfects. — Pelikan*  has  studied  the  effects  of  various 
saponins  on  frogs.  One  to  two  drops  of  a  saturated  watery  solution 
of  saponin  applied  subcutaneously  to  the  leg,  caused,  in  from 
5  to  6  minutes,  great  weakness,  accompanied  by  a  loss  of 
sensibility;  but  strong  mechanical,  chemical,  or  electrical  stimsli 

*  Berl.  Kt.  Wochschr.,  3G,  18G. 
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applied  to  the  foot  excited  reflex  action,  for  the  ischiatic  nerve 
still  retained  its  functions.  Nevertheless,  from  the  commencement, 
the  excitability  of  the  poisoned  muscles  was  much  weakened, 
and  just  before  death  quite  disappeared.  Section  of  the  ischiatic 
nerve  delayed  the  phenomena.  Ourarine  did  not  seem  to  have 
any  effect  on  the  poisonous  action.  A  concentrated  solution 
applied  to  the  heart  of  a  frog  soon  arrests  its  beats,  but  weaker 
doses  first  excite,  and  then  retard.* 

I  have  recently  studied  the  general  action  of  saponin  on 
kittens,  insects,  and  infusoria.  Small  doses,  such  as  from  13  to 
32  mgrms.  (1  to  i  grain),  were  injected  beneath  the  loose  skin 
at  the  back  of  the  neck  of  a  kitten,  when  there  were  immediate 
symptoms  of  local  pain.  In  from  5  to  10  minutes  the  respiration 
notably  quickened,  and  the  animal  fell  into  a  lethargic  state, 
with  signs  of  general  muscular  weakness;  just  before  death 
the  breathing  became  very  rapid,  and  there  were  all  the  signs 
of  asphyxia.  The  pathological  appearances  after  death  were 
fulness  in  the  right  side  of  the  heart,  and  intense  congestion  of 
the  intestinal  canal,  the  stomach  generally  being  perfectly  normal 
in  appearance,  and  the  kidneys  and  other  organs  healthy.  The 
least  fatal  dose  for  a  kitten  seems  to  be  13  mgrms.,  or  -04  grm. 
to  a  kilogram. t 

§  503.  Action  on  Man. — The  eff'ects  of  saponin  on  man  have 
been  but  little  studied ;  it  has  been  administered  by  the  mouth 
in  doses  of  from  -1  to  -2  grm.,  and  in  those  doses  seems  to  have 
distinct  physiological  effects.  There  is  increased  mucous  secretion, 
and  a  feeling  of  nausea  ;  but  neither  diaphoresis  nor  diuresis  has 
been  observed.  From  the  foregoing  study  it  may  be  predicated 
that  2-6  grms.  (40  grains),  if  administered  subcutaneously  to  an 
adult,  would  endanger  life.  The  symptoms  would  be  great 
muscular  prostration,  weakness  of  the  heart's  action,  and  probably 
diarrhoea.  In  fatal  cases,  some  signs  of  an  irritant  or  inflam- 
matory action  on  the  mucous  membranes  of  the  stomach  and 
intestines  would  be  probable. 

§  504.  Separation  of  Saponin. — Saponin  is  separated  from  bread, 
flour,  and  similar  substances  by  the  process  given  at  p.  153, 
"Foods,"  vol.  i.  The  process  essentially  consists  in  extracting 
with  hot  spirit,  allowing  the  saponin  to  separate  as  the  spirit 

*  J.  Hoppe,  Nervenwirhunq  tier  Hetlmittel,  H.  4,  .37. 

t  The  action  of  saponin  wlien  applied  in  concentrated  solution  to  flies  ia 
that  of  an  intense  irritant.  There  is  protrusion  of  the  sucker,  and 
progressive  paralysis.  The  common  infusoria  live  for  some  time  iu 
dilute  solutions  of  saponin — this  is  also  true  of  some  of  the  higher  forms  • 
for  example,  a  Cyclops  quadricornis  seemed  in  no  way  affected  by  a  2  per 
cent,  solution. 
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cools  collecting  the  precipitate  on  a  filter,  drying,  dissolving 
an  cold  water,  and  precipitating  with  absolute  alcohol.  In 
.operating  on  animal  tissues,  a  more  elaborate  process  is  necessary 
1  have  successfully  proceeded  as  follows:— The  finely  divided 
organ  is  digested  m  alcohol  of  80  to  90  per  cent,  strength,  and 
boiled  for  a  quarter  of  an  hour;  the  alcohol  is  filtered  hot  and 
allowed  to  cool,  when  a  deposit  forms,  consisting  of  fatty  matters, 
and  containing  any  saponin  present.  The  deposit  is  filtered 
ott,  dried,  and  treated  with  ether  to  remove  fat.  The  insoluble 
■saponin  remaining  is  dissolved  in  the  least  possible  quantity 
ot  water,  and  precipitated  with  absolute  alcohol.  It  is  also 
open  to  the  analyst  to  purify  it  by  precipitating  with  baryta 
water,  the  baryta  compound  being '  subsequently  decomposed  by 
carbon  dioxide.  Basic  lead  acetate  may  also  be  used  as  a 
precipitant,  the  lead  compound  being  as  usual  decomposed  by 
hydric  sulphide ;  lastly,  a  watery  solution  may  be  shaken  up 
with  chloroform,  which  will  extract  saponin.  By  some  one  of 
these  methods  selected,  according  to  the  exigencies  of  the  case, 
there  will  be  no  difficulty  in  separating  the  glucoside  in  a  fairly 
pure  state.  The  organ  best  to  examine  for  saponin  is  the  kidney. 
In  one  of  my  own  experiments,  in  a  cat  poisoned  with  a  sub- 
cutaneous dose  of  saponin  (-2  grm.),  evidence  of  the  glucoside 
was  obtained  from  the  kidney  alone.  The  time  after  death  at 
which  it  is  probable  that  saponin  could  be  detected  is  unknown; 
it  is  a  substance  easily  decomposed,  and,  therefore,  success  in 
•separating  it  from  highly  putrid  matters  is  not  probable. 

§  505.  Identification  of  Saponin. — An  amorphous  white  powder, 
very  soluble  in  water,  insoluble  in  cold  alcohol  or  ether,  having' 
glucosidal  reactions,  striking  a  red  colour,  with  sulphuric  acid, 
imparting  a  soap-like  condition  to  water,  and  poisonous  to 
animals,  can  be  no  other  than  saponin. 


DIVISION  III.— CERTAIN  POISONOUS  ANHYDRIDES 
OF  ORGANIC  ACIDS. 


I.— SANTONIN. 

§  506.  Santonin  (C^gHjgO^)  is  a  neutral  principle  extracted 
from'  the  unexpanded  heads  of  various  species  of  artemisia  (Nat. 
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Orel.  CompositcB).  The  seeds  contain,  according  to  Dragendorff 
■-^-OS  to  2-13  per  cent,  of  santonin,  and  about  2-25  per  cent,  ot 
volatile  oil  with  3  per  cent,  of  fat  and  resin.  Santonin  forms 
brilliant,  white,  four-sided,  flat  prisms,  m  taste  feebly  bitter. 
The  crystals  become  yellow  through  age  and  exposure  to  light; 
they  melt  at  169°,  and  are  capable  of  being  sublimed;  they  are 
scarcely  soluble  in  cold  water,  but  dissolve  in  250  parts  of  boiling 
water,  freely  in  alkaline  water,  in  3  parts  of  boiling  alcohol, 
and  in  42  parts  of  boiling  ether.  Santonin  is  the  anhydride  of 
santonic  acid  {0^,^.,0,).  Santonin  unites  with  alkalies  to  form 
santonates.  Sodic  santonate  (OisHigNaO.-t- SiHp)  is  officinal 
on  the  Continent ;  it  forms  colourless  rhombic  crystals,  soluble 
in  3  parts  of  cold  water. 

§  507.  Poisoning  by  Santonin. — Eighteen  cases  of  poisoning, 
either  by  santonin  or  santonin-holding  substances,  which  F.  A. 
Falck  has  been  able  to  collect,  were  nearly  all  occasioned  by  its 
use  as  a  remedy  for  worms.  A  few  were  poisonings  of  children 
who  had  swallowed  it  by  accident.  With  one  exception  those 
poisoned  were  children  of  from  two  to  twelve  years  of  age ;  in 
five  the  flower  heads,  and  in  thirteen  santonin  itself  was  taken. 
Of  the  eighteen  cases,  two  only  died  (about  11  per  cent.) 

§  508.  Fatal  Dose. — So  small  a  number  of  children  have  died 
from  santonin,  that  data  are  not  present  for  fixing  the  minimum 
fatal  dose.  -12  grm.  of  santonin  killed  a  boy  of  five  and  a  half 
years  of  age  in  fifteen  hours ;  a  girl,  ten  years  old,  died  from  a 
quantity  of  flower  heads  equal  to  -2  grm.  of  santonin.  The 
maximum  dose  for  children  is  from  65  to  194  mgrms.  (1  to  3 
grains),  and  twice  the  quantity  for  adults. 

§  509.  Effects  on  Animals. — Experiments  on  animals  with 
santonin  have  been  iiumerous.  It  has  first  an  exciting  action  on 
the  centres  of  nerves  from  the  second  to  the  seventh  pairs,  and 
then  follows  decrease  of  excitability.  The  medulla  is  later 
afi"ected.  There  are  tetanic  convulsions,  and  death  follows 
through  asphyxia.  Artificial  respiration  lessens  the  number 
and  activity  of  the  convulsions,  and  chloroform,  chloral  hydrate, 
or  ether,  also  either  prevent  or  shorten  the  attacks. 

§  510.  Effects  on  Man. — One  of  the  most  constant  effects  of 
santonin  is  a  peculiar  aberration  of  the  colour-sense,  first  observed 
by  Hufeland  in  1806.  All  things  seem  yellow,  and  this  may 
last  for  twenty-four  hours,  seldom  longer.  According  to  Rosej 
this  apparent  yellowness  is  often  preceded  by  a  violet  hue  over 
all  objects.  If  the  lids  are  closed  while  the  "  yellow  sight "  is 
present,  the  whole  field  is  momentarily  violet.    De  Martiny* 


*  Gaz.  deslldpit.,  18C0. 
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in  a  few  cases  found  the  "yellow  sight"  intermit  and  pass  into 
other  colours-e.^-.,  after  -3  grm.  there  was  first  the  yeUow 
perception  then  giving  the  same  individual  -6  grm.,  all  obiects 
seemed  coloured  red,  after  half  an  hour  orange,  and  then  again 
yellow.  In  another  patient  the  effect  of  the  drug  was  to  give 
green  vision,"  and  in  a  third  blue. 

Hufner  and  Helmholtz  explain  this  curious  effect  as  a  direct 
action  on  the  nervous  elements  of  the  retina,  causing  them  to 
give  the  perception   of  violet;   they  are  first  excited,  then 
exhausted,  and  the  eye  is  "  violet  blind."    On  the  other  hand. 
It  has  been  suggested  that  santonin  either  colours  the  media  of 
the  eye  yellow,  or  that  there  is  an  increase  in  the  pigment  of 
the  macula  lutea.    I,  however,  cannot  comprehend  how  the  two 
last  theories  will  account  for  the  intermittency  and  the  play  of 
colours  observed  in  a  few  cases.    To  the  affections  of  vision  are 
also  often  added  hallucinations  of  taste  and  smell ;  there  is  head- 
ache and  giddiness,  and  in  fourteen  out  of  thirty  of  Rose's  obser- 
vations vomiting  occurred.    The  urinary  secretion  is  increased. 
In  large  and  fatal  doses  there  are  shivering  of  the  body,  clonic, 
and  often  tetanic  convulsions ;  the  consciousness  is  lost,  the  skin 
IS  cool,  but  covered  with  sweat,  the  pupils  dilated,  the  breathing 
becomes  stertorous,  the  heart's  action  weak  and  slow,  and  death 
occurs  in  collapse— in  the  case  observed  by  Grimm  in  fifteen 
hours,  in  one  observed  by  Linstow  in  forty-eight  hours.  In 
those  patients  who  have  recovered,  there  has  also  been  noticed 
convulsions  and  loss  of  consciousness.    Sieveking*  has  recorded 
the  case  of  a  child  who  took  -12  grm.  (1-7  grains)  santonin;  an 
eruption  of  nettle  rash  showed  itself,  but  disappeared  within 
an  hour. 

§  511.  Post-mortem  Appearances. — The  post-mortem  appearances, 
are  not  characteristic. 

§  512.  Separation  of  Santonin  from  the  Contents  of  the  Stomachy 
<&c. — It  is  specially  important  to  analyse  the  faeces,  for  it  has 
been  observed  that  some  portion  goes  unchanged  into  the  intes- 
tinal canal.  The  urine,  also,  of  persons  who  have  taken  santonin,, 
possesses  some  important  peculiarities.  It  becomes  of  a  peculiar 
yellow-green,  the  colour  appearing  soon  after  the  ingestion  of 
the  drug,  and  lasting  even  sixty  hours.  The  colour  may  be 
imitated,  and  therefore  confused  with  that  which  is  produced  by 
the  bile  acids ;  a  similar  colour  is  also  seen  after  persons  liave 
been  taking  rhubarb.  Alkalies  added  to  urine  coloured  by 
santonin  or  rhubarb  strike  a  red  colour.  If  the  urine  thus, 
reddened  is  digested  on  zinc  dust,  santonin  urine  fades,  rhubarb 


*  Brit.  Med.  Journ.,  1871. 
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urine  remains  red.  Further,  if  the  reddened  urine  is  precipi- 
tated by  excess  of  milk  of  lime  or  baryta  water  and  filtered,  the 
filtrate  from  the  urine  reddened  by  rhubarb  is  colourless,  m  that 
reddened  by  santonin  the  colour  remains.  Santonin  may  be 
isolated  by  treating  substances  containing  it  with  warm  alkaline 
water  The  water  may  now  be  acidified  and  shaken  up  with  cHoro- 
form,  which  will  dissolve  out  any  santonin.  On  driving  ofl  the 
chloroform  the  residue  should  be  again  alkalised,  dissolved  in 
water,  and  acidified  with  hydrochloric  acid,  and  shaken  up  with 
chloroform.  In  this  way,  by  operating  several  times  it  may 
be  obtained  very  pure.  ,  Santonin  may  be  identified  by  its 
dissolving  in  alcoholic  potash  to  a  transitory  carmme-red,  but 
the  best  reaction  is  to  dissolve  it  in  concentrated  sulphuric 
acid,  to  which  a  very  little  water  has  been  added,  to  warm  on 
the  water  bath,  and  then  to  add  a  few  drops  of  ferric  chloride 
solution  in  the  warm  acid ;  a  ring  of  a  beautiful  red  colour 
passing  into  purple  surrounds  each  drop,  and  after  a  little  time, 
on  continuing  the  heat,  the  purple  passes  into  brown. 


II.— MEZEREON. 

§513.  The  Daphne  Mezereum  (L.)— Mezereon,  an  indigenous 
shrub  belonging  to  the  Thymeleaceoi,  is  rather  rare  in  the  wild 
state,  but  very  frequent  in  gardens.  The  flowers  are  purple  and 
the  berries  red.  Buckheim  isolated  by  means  of  ether  an  acrid 
resin,  which  was  converted  by  saponifying  agents  into  mezereic  acid; 
the  acrid  resin  is  the  anhydride  of  the  acid.  The  resin  is  pre- 
sumed to  be  the  active  poisonous  constituent  of  the  plant,  but 
the  subject  awaits  further  investigation.  There  are  a  few  cases 
of  poisoning  on  record,  and  they  have  been  mostly  from  the 
berries.  Thus,  Linne  has  recorded  an  instance  in  which  a  little 
girl  died  after  eating  twelve  berries.  The  symptoms  observed 
in  the  recorded  cases  have  been  burning  in  the  mouth,  gastro- 
enteritis, vomiting,  giddiness,  narcosis,  and  convulsions,  ending 
in  death. 
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DIVISION  IV.-VARIOUS  VEGETABLE  POISONOUS 
PRINCIPLES— NOT  ADMITTING  OF  OLASSIFIOA 
TION  UNDER  THE  PREVIOUS  THREE  DIVI 
SIONS. 


I— ERGOT  OF  RYE. 

§  514.  Ergot  is  a  peculiar  fungus  attacking  the  rye  and  other 
graminaceous  plants;*  it  has  received  various  names,  Claviceps 
l^y^rpurea  (Tulasne),  Sperma^dia  clavus  (Fries),  Sclerotium  clavus, 
(JJ.O.),  &c.  ihe  peculiar  tram  of  symptoms  arising  from  the  eat- 
ing oi  ergotised  grain  (culminating  occasionally  in  gangrene  of 
the  lower  limbs),  its  powerful  action  on  the  pregnant  uterus,  and 
its  styptic  effects,  are  well  known. 

The  very  general  use  of  the  drug  by  accoucheurs  has,  so  to 
speak,  popularised  a  knowledge  of  its  action  among  all  classes 
of  society,  and  its  criminal  employment  as  an  abortive  appears 
to  be  on  the  increase.! 

The  healthy  grain  of  rye,  if  examined  microscopically  in  thin 
sections,  is  seen  to  be  composed  of  the  seed-coating,  made  up  of 
two  layers,  beneath  which  are  the  gluten-cells,  whilst  the  great 
bulk  of  the  seed  is  composed  of  cells  containing  starch.  In  the 
ergotised  grain,  dark  (almost  black)  cells  replace  the  seed-coat  and 
the  gluten-cells,  whilst  the  large  starch-containing  cells  are  filled 
with  the  small  cells  of  the  fungus  and  numerous  drops  of  oil. 

§  515.  The  Chemical  Oo7istifuents  of  Ergot  are  a  fixed  oil,  tri- ' 
methylamine,  certain  active  principles,  and  colouring-matters. 

T\xQ  fixed  oil  is  of  a  brownish-yellow  colour,  of  aromatic  flavour 
and  acrid  taste ;  its  specific  gravity  is  0-924,  and  it  consists 
chiefly  of  palmitin  and  olein ;  it  has  no  physiological  action. 

Trimethylamine  is  always  present  ready  formed  in  ergot;  it 
can  also  be  produced  by  the  action  of  potash  on  ergot. 

With  regard  to  the  active  principles  of  ergot  considerable  con- 
fusion still  exists,  and  no  one  has  hitherto  isolated  any  single 
substance  in  such  a  state  of  purity  as  to  inspire  confidence  as  to 

*  Some  of  the  CyjKracece  are  also  attacked. 

t  The  Russian  peasantry  use  the  drug  for  the  same  purpose.  Vide 
Mackenzie  Wallace's  "Russia,"  i.,  j).  117. 
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its  formula  or  other  chemical  characters.  They  may,  however,  be 
briefly  described.  -j    4.-  i 

0  Tamet,*  has  separated  an  alkaloid,  which  appears  identical 
with  Wenzel's  ergotinine.  To  obtain  this  the  ergot  is  ex- 
tracted by  alcohol  of  86°,  the  spirit  removed  by  distillation, 
and  the  residue  cooled;  a  resin  (which  is  deposited)  and  a 
fatty  layer  (which  floats  on  the  surface)  are  separated  from 
the  extractive  liquor  and  washed  with  ether ;  the  ethereal  solu- 
tion is  filtered  and  shaken  with  dilute  sulphuric  acid,  which 
takes  up.  the  alkaloid ;  the  aqueous  solution  of  the  sulphate  is 
then  filtered,  rendered  alkaline  by  KHO,  and  agitated  with 
chloroform.  The  ergotinine  is  now  obtained  by  evaporating  the 
chloroform  solution,  care  being  taken  to  protect  it  from  contact 
with  the  air.  It  gives  precipitates  with  chloride  of  gold,  potas- 
sium iodohydrargyrate,  phosphomolybdic  acid,  tannin,  bromine 
water,  and  the  chlorides  of  gold  and  platinum.  With  moderately 
concentrated  SO^H^,,  it  gives  a  yellowish-red  coloration,  changing 
to  an  intense  violet,  a  reaction  which  does  not  occur  if  the  alka- 
loid has  been  exposed  to  the  air.  The  composition  of  the  base  is 
represented  by  the  formula  O^oH^oN^O^aj  ^"^^  ^  crystalline  sul- 
phate and  lactate  have  been  obtained,  f 

Wenzel's  Ecboline  is  prepared  by  precipitating  the  cold  watery 
extract  of  ergot  with  sugar  of  lead,  throwing  out  the  lead  in  the 
usual  way  by  hydric  sulphide,  concentrating  the  liquid,  and 
adding  mercuric  chloride,  which  only  precipitates  the  ecboline. 
The  mercury  salt  is  now  decomposed  with  hydric  sulphide,  and 
after  the  mercury  precipitate  has  been  filtered  ofi",  the  filtrate  is 
treated  with  freshly  precipitated  phosphate  of  silver,  and  refil- 
tered ;  lastly,  the  liquid  is  shaken  up  with  milk  of  lime,  again 
filtered,  and  the  lime  thrown  out  by  COg.  The  last  filtrate  con- 
tains ecboline  only,  and  is  obtained  by  evaporation  at  a  gentle 
heat.  It  is  an  amorphous,  feebly  bitter  substance,  with  an  alka- 
line reaction,  forming  only  amorphous  salts. 

The  most  recent  research  by  Dragendorff"  on  ergot  tends  to 
show  that  Wenzel's  alkaloids,  ergotinine  and  ecboline,  are  inac- 
tive. Dragendorff  describes  also  (a.)  Scleromiccin,  a  slimy  sub- 
stance which  goes  into  solution  upon  extraction  of  the  ergot 
with  water,  and  which  is  again  precipitated  by  40  to  45  per  cent, 
alcohol.  It  is  colloidal  and  soluble  with  difficulty  in  water.  It 
contains  nitrogen,  but  gives  no  albuminoid  reaction,  nor  any 
reaction  of  an  alkaloidal  or  glucosidal  body;  it  yields  to  analysis — 


*  Compt.  Rendus,  vol.  xxxi.,  p.  896. 
t  Compl.  Bendus,  April,  1878. 
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8-26  per  cent.  Water. 
26-8        „  Ash. 
"^9"0  Carbon. 

6-44       „  Hydrogen. 

6-41       „  Nitrogen. 

Jb.)  ,Sderotic  Acid.~A  feebly-acid  substance,  easily  soluble  in 
Avater  and  dilute  and  moderately  concentrated  alcohol  It 
passes  m  association  with  other  constituents  of  the  ergot  extract, 
into  the  difFusate,  ^yhen  the  extract  is  submitted  to  dialysis:  but 
atter  Its  separation  m  a  pure  state  it  is,  like  scleromucin,  col- 
loidal It  IS  precipitated  by  85  to  90  per  cent,  alcohol,  together 
with  lime,  potash  soda,  silica,  and  manganese ;  but  after  macera- 
tion with  hydrochloric  acid,  the  greater  part  of  the  ash  con- 
stituents can  be  separated  by  a  fresh  precipitation  with  absolute 
alcohol.  The  sample  gave  40-0  per  cent,  of  carbon,  5-2  per  cent, 
hydrogen,  4-2  per  cent,  nitrogen,  50-6  per  cent,  oxygen,  with  3-4 
per  cent,  of  ash.  Sclerotic  acid  forms  with  lime  a  compound  that 
IS  not  decomposed  by  carbonic  acid,  and  which  upon  combustion 
leaves  from  19  to  20  per  cent,  of  calcium  carbonate.  Both  these 
substances  are  active,  although  evidently  impure.  Sclerotic  acid 
IS  sold  in  commerce,  and  has  been  employed  subcutaneously  in 
midwifery  practice  in  Russia  and  Germany  for  some  time. 

The  inert  principles  of  ergot  are— (1.)  A  red  colouring  matter, 
."ictererythrin,  insoluble  in  water,  but  soluble  in  dilute  and  strong 
alcohol,  ether,  chloroform,  dilute  solutions  of  potash,  ammonia, 
etc.  It  can  be  obtained  by  dissolving  in  an  alkali,  neutralising 
with  an  acid,  and  shaking  up  Avith  ether.  Alcoholic  solution  of 
sclererythrin  gives  with  aluminium  sulphate,  and  with  zinc 
chloride,  a  splendid  red  mixture  ;  with  salts  of  calcium,  barium, 
and  many  of  the  heavy  metals,  it  gives  a  blue  precipitate ;  the 
yield  is  only  -1  to  -05  in  a  thousand  parts. 

(2.)  Another  colouring-matter,  dissolving  in  concentrated 
sulphuric  acid  with  the  production  of  a  fine  blue  violet  colour, 
the  discoverer  has  named  Sderoidin.  This  is  not  soluble  in 
alcohol,  ether,  chloroform,  or  water,  but  dissolves  in  alkaline 
solutions,  potash  producing  a  splendid  violet  colour  ;  yield  about 
1  per  1000. 

(3,  4.)  Two  crystalline  substances,  Avhich  may  be  obtained 
from  ergot  powder,  first  treated  with  an  aqueous  solution  of 
tartaric  acid,  and  the  colouring-matters  extracted  by  ether.  One 
Dragendorff"  names  Sderocrystallin  (OjoHjoO^)  ;  it  is  in  colourless 
needles,  insoluble  in  alcohol  and  water,  with  difiiculty  soluble  in 
ether,  but  dissolving  in  ammonia  and  potash  solutions.  The 
other  crystalline  substance  is  thought  to  be  merely  a  hydrated 
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compound  of  sclerocrystalliu.  Both  are  without  physiological 
action. 

§  516.  Detection  of  Ergot  in  Flour  (see  vol.  i.  "Foods,"  p.  164). — 
The  best  process  is  to  exhaust  the  flour  with  boiling  alcohol. 
The  alcoholic  solution  is  acidified  with  dilute  sulphuric  acid,  and 
the  coloured  liquid  examined  by  the  spectroscope  in  thicker  or 
thinner  layers,  according  to  the  depth  of  colour.  A  similar 
alcoholic  solution  of  ergot  should  be  made,  and  the  spectrum 
compared.  If  the  flour  is  ergotised  the  solution  will  be  more  or 
less  red,  and  show  two  absorption  bands,  one  in  the  green,  and  a 
broader  and  stronger  one  in  the  blue.  On  mixing  the  original 
solution  with  twice  its  volume  of  water,  and  shaking  successive 
portions  of  this  liquid  with  ether,  amyl  alcohol,  benzene,  and 
chloroform,  the  red  colour,  if  derived  from  ergot,  will  impart  its 
colour  to  each  and  all  of  these  solvents. 

§  517.  Pharmaceutical  Preparations. — Ergot  itself  is  oflB.cinal  in 
all  the  pharmacopoeias,  and  occurs  in  grains  from  \  to  1  inch  in 
length,  and  about  the  same  breadth,  triangular,  curved,  obtuse 
at  the  ends,  of  a  purple  colour,  covered  with  a  bloom,  and  brittle, 
exhibiting  a  pinkish  interior,  and  the  microscopical  appearances 
already  detailed.  Ergot  may  also  occur  as  a  brown  powder, 
possessing  the  unmistakable  odour  of  the  drug.  A  liquid  extract 
of  the  B.  P.  is  prepared  by  exhausting  the  ergot  of  fat  by  ether, 
digesting  the  marc  in  water  at  160°F.,  and  evaporating  ;  spirit 
is  then  added,  and  the  liquid  filtered  from  the  precipitate  which 
is  formed.  T|ie  extract  of  the  Continental  pharmacopoeias  is 
very  similar.  It  has  been  found  in  practice  that  the  addition  of 
a  little  sulphuric  acid  aids  in  preserving  the  strength  of  the 
extract,  which  will,  therefore,  be  generally  found  acid,  containing 
from  12  to  14  per  cent,  of  solid  matters,  and  yielding  from  -022 
to  -028  of  albuminoid  nitrogen  when  distilled  with  alkaline 
permanganate  of  potash.  A  tincture  and  an  infusion  are  also 
oflacinal ;  the  latter  iS  very  frequently  used,  but  seldom  sold,  for 
it  is  preferable  to  prepare  it  on  the  spot.  The  tincture  experi- 
ence has  shown  to  be  far  inferior  in  power  to  the  extract,  and  it 
is  not  much  used. 

§  518.  Dose. — The  main  difficulties  in  the  statement  of  the 
medicinal  dose,  and  of  the  minimum  quantity  which  will  destroy 
life,  are  the  extreme  variability  of  difi"erent  samples  of  ergot  and 
its  readiness  to  decompose.  A  full  medicinal  dose  of  ergot  itself, 
as  given  to  a  woman  in  labour,  is  4  grms.  (61-7  grains),  repeated 
every  half  hour.  In  this  way  enormous  doses  may  be  given  in 
some  cases  without  much  efiect.  On  the  other  hand,  single  doses 
of  from  1  to  4  grms.  have  caused  serious  poisonous  symptoms. 
The  extract  and  the  tincture  are  seldom  given  in  larger  doses 
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than  that  of  a  drachm  as  a  first  dose,  to  excite  uterine  contrac- 
tion. _  In  fact,  the  medical  practitioner  has  in  many  cases  to 
experiment  on  his  patient  with  the  drug,  in  order  to  discover 
not  only  the  individual  susceptibility,  but  the  activity  of  the 
particular  preparation  used.  From  the  experiments  of  ISTikitin 
It  is  probable  that  the  least  fatal  dose  of  sclerotic  acid  for  an 
adult  man  is  20  mgrms.  per  kilogrm. 

_  §  519.  Ergotism. — Ergotised  cereals  have  played  a  great  part 
in  various  epidemics,  probably  from  very  early  times,  but  the 
only  accurate  records  respecting  them  date  from  the  sixteenth 
century.  According  to  Dr.  Tissot,*  the  first  recorded  epidemic 
was  in  1596,_when  a  strange,  spasmodic,  convulsive  disease  broke 
out  in  Hessia  and  the  neighbouring  regions.  It  was  probably 
due  to  spurred  rye.  In  Voigtlander,  the  same  disease  appeared 
in  1648,  1649,  and  1675;  in  1702  the  whole  of  Freiberg  was 
attacked.  In  Germany  and  in  France  successive  epidemics  are 
described  throughout  the  18th  century.  In  France,  in  1710,  Oh. 
Noel,  physician  at  the  Hotel  Dieu,  had  no  less  than  fifty  cases 
under  treatment  at  the  same  time. 

It  is  generally  said  that  in  1630,  Thuillier,  in  describing  an 
ergot  epidemic  which  broke  out  in  Cologne,  first  referred  the 
cause  of  the  disease  to  spurred  rye. 

It  is  interesting  to  inquire  into  the  mortality  from  this 
disease.  In  1770,  in  an  epidemic  described  by  Taube,  in  which 
600  were  affected,  16  per  cent.  died.  In  a  nineteenth-century 
epidemic  (1855),  in  which,  according  to  Husemann,  30  were  ill; 
23-3  per  cent.  died.  In  other  epidemics,  according  to  Heusinger, 
out  of  102,  12  per  cent,  died;  according  to  Griepenkerl,  out  of 
155,  25  or  16  per  cent,  died;  and,  according  to  Meyer,  of  283 
cases,  6  per  cent.  died. 

There  are  two  forms  of  chronic  poisoning  by  ergot — one  a 
spasmodic  form,  the  other  the  gangrenous  form. 

§  520.  The  Convulsive  Form  of  Ergotisin  mostly  begins  with 
some  cerebral  disturbance.  There  are  sparks  before  the  eyes, 
giddiness,  noises  in  the  ears,  and  a  creeping  feeling  about  the 
body.  There  is  also  very  commonly  aneesthesia  of  the  fingers 
and  toes,  and  later  of  the  extremities,  of  the  back,  and  even  of 
the  tongue.  Diarrhoea,  vomiting,  colic,  and  other  signs  of 
intestinal  irritation  seldom  fail  to  be  present ;  there  are  also 
tetanic  spasms  of  the  muscles,  rising  in  some  cases  to  well-marked 
tetanus ;  epilepsy,  faintings,  aberrations  of  vision,  amaurosis,  and 
amblyopia  are  frequent ;  the  skin  becomes  of  a  yellow  or  earthy 


*  Dr.  Tissot  in  Phil.  Trans.,  vol.  Iv.,  p.  106,  1765.  This  is  a  Latin  letter 
hy  Dr.  Baker,  and  gives  a  good  history  of  the  various  epidemics  of  ergotism. 
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colour,  and  is  covered  witli  a  cold  sweat ;  boils  and  other  erup- 
tions may  break  out ;  blebs,  like  those  caused  by  burns  or  scalds, 
have  in  a  few  cases  been  noticed.  Death  may  occur  in  from 
4  to  12  weeks  after  the  eating  of  the  spurred  grain  from  exhaus- 
tion. In  those  individuals  who  recover,  there  remain  for  some 
time  weakness,  contractions  of  groups  of  muscles,  anjemia,  or 
aflections  of  vision. 

§  521.  The  Gangrenous  Form  of  Ergotism. — In  this  form  there 
is  generally  acute  pain  in  the  limb  or  limbs  which  are  to 
mortify  ;  and  there  may  be  prodromata,  similar  to  those  already 
described.  The  limb  swells,  is  covered  with  an  erysipelatous 
blush,  but  at  the  same  time  feels  icy  cold  ;  the  gangrene  is  gen- 
erally dry,  occasionally  moist;  the  mummified  parts  separate 
from  the  healthy  by  a  moist,  ulcerative  process ;  and  in  this  way 
the  toes,  fingers,  legs,  and  even  the  nose,  may  be  lost.  During 
the  process  of  separation  there  is  some  fever,  and  pysemia  may 
occur  with  a  fatal  result. 

Fontenelle  described  a  case  in  which  a  rustic  lost  all  the  toes 
of  one  foot,  then  those  of  the  other ;  after  that,  the.  remnant  of  the 
first  foot,  and  lastly  the  leg.  But  probably  the  most  extra- 
ordinary case  of  gangrene  caused  by  the  use  of  ergot  is  that 
which  occurred  at  Wattisham,  Sufiblk,  in  the  family  of  a  labour- 
ing man  named  John  Downing.  He  had  a  wife  and  six  children 
of  various  ages,  from  fifteen  years  to  four  months.  On  Monday, 
January  10th,  1762,  the  eldest  girl  complained  of  a  pain  in  the 
calf  of  her  left  leg ;  in  the  evening  her  sister,  aged  ten,  also  ex- 
perienced the  same  symptoms.  On  the  following  Monday,  the 
mother  and  another  child,  and  on  Tuesday  all  the  rest  of  the 
family  except  the  father  became  afiected.  The  pain  was  very 
violent.  The  baby  at  the  breast  lived  a  few  weeks,  and  died  of 
mortification  of  the  extremities.  The  limbs  of  the  family  now 
began  to  slough  off",  and  the  following  are  the  notes  on  their  con- 
dition made  by  an  observer.  Dr.  0.  Wollaston,  F.R.S.,  on  April 
13:— 

"  The  mother,  aged  40.  Eight  foot  ofi"  at  the  ankle,  the  left  leg 
mortified ;  a  mere  bone  left,  but  not  ofi". 

Elizabeth,  aged  13.    Both  legs  off"  below  the  knees. 
Sarah,  aged  10.    One  foot  off"  at  the  ankle. 
Robert,  aged  8.    Both  legs  off"  below  the  knees. 
Richard,  aged  4.    Both  feet  off"  at  the  ankle. 
Infant,  four  months  old,  dead." 

The  father  was  also  attacked  a  fortnight  after  the  rest  of  the 
family,  and  in  a  slighter  degree— the  pain  being  confined  to  the 
fingers  of  his  right  hand,  which  turned  a  blackish  colour,  and  were 
withered  for  some  time,  but  ultimately  got  better. 


432 


poisons:  tue;r  effects  and  detection.  [§522,523. 


As  a  remarkable  fact,  it  is  specially  noted  that  the  family  were 
in  other  respects  well.  They  eat  heartily,  and  slept  soundly  when 
the  pain  began  to  abate.  The  mother  looked  emaciated.  "  The 
poor  boy  in  particular  looked  as  healthy  and  florid  as  possible, 
and  was  sitting  on  the  bed,  quite  jolly,  drumming  with  his 
stumps."  They  lived  as  the  country  people  at  that  time  usually 
lived,  on  dried  peas,  pickled  pork,  bread  and  cheese,  milk,  and 
small  beer.  Dr.  WoUaston  strictly  examined  the  corn  with 
which  they  made  their  bread,  and  he  found  it  "  very  bad ;  it  was 
wheat  that  had  been  cut  in  a  rainy  season,  and  had  lain  in  the 
ground  till  many  of  the  grains  were  black  and  totally  decayed."* 

§  522.  Symjotoms  of  Acute  Poisoning  hy  Ergot. — In  a  fatal  case 
of  poisoning  by  ergot  of  rye,  recorded  by  Dr.  Davidson,!  in  which 
■a  hospital  nurse,  cet.  28,  took  ergot,  the  symptoms  were  mainly 
vomiting  of  blood,  the  passing  of  bloody  urine,  intense  jaundice, 
and  stupor.  But  in  other  cases,  jaundice  and  vomiting  of  blood 
have  not  been  recorded,  and  the  general  course  of  acute  poisoning 
shows,  on  the  one  hand,  symptoms  of  intense  gastro-intestinal 
irritation,  as  vomiting,  colicky  pains,  and  diarrhoea;  and,  on 
the  other,  of  a  secondary  affection  of  the  nervous  system,  weak- 
ness of  the  limbs,  aberrations  of  vision,  delirium,  retention  of 
urine,  coma,  and  death. 

§  523.  Physiological  Action  as  shoton  by  Experiments  on  Animals. 
— In  spite  of  numerous  experiments  on  animals  and  man,  the 
■action  of  the  ergot  principles  remains  obscure.  It  has  been 
found  in  medicine  to  exert  a  specific  action  on  the  uterus,  J 
causing  powerful  contractions  of  that  organ,  especially  in  labour. 
It  is  also  a  htemostatic,  and  is  used  to  check  bleeding  from  the 
lungs  and  other  internal  organs  of  the  body.  This  haemostatic 
action,  as  well  as  the  extraordinary  property  possessed  by  ergot, 
of  producing  an  arrest  or  disturbance  of  the  circulation  inducing 
gangrene  has  naturally  led  to  the  belief  that  ergot  causes  a 

*  In  the  PMl.  Trans,  for  1762  there  are  two  strictly  concordant  accounts 
of  this  case  ;  and  in  the  parish  church  of  Wattisham,  there  is  said  to  be  a 
memorial  tablet,  which  runs  as  follows: — "This  inscription  serves  to 
autlienticate  the  truth  of  a  singular  calamity  which  suddenly  happened  to  a 
poor  family  in  this  parish,  of  which  six  persons  lost  their  feet  by  a  mortifi- 
cation not  to  be  accounted  for.  A  full  narrative  of  their  case  is  recorded  in 
the  Parish  Register  and  Philosophical  Transactions  for  1762." 

t  Lancet,  Sept.  30,  1882.  . 

X  In  a  case  in  which  the  author  was  engaged,  a  dabbler  m  drugs,  havmg 
seduced  a  young  woman,  administered  to  her  doses  of  ergot  which  prodiiced 
a  miscarriage,  aud  for  this  ofifence  he  was  convicted.  The  defence  raised 
was  that  ergot  is  a  common  medicine  used  by  physicians  in  the  treatment 
of  amenorrlioca,  and  other  uterine  affections.  Although  in  itself  this  state- 
ment was  perfectly  true,  as  a  defence  it  was  invalidated  by  the  large  dose 
given,  the  fact  of  the  seduction,  aud  the  other  circumstances  of  the  case. 
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narrowin«T  ia  the  calibre  of  the  small  arteries,  but  this  has  not 
received  the  necessary  experimental  sanction.  Holmes,*  Eberty, 
Kohler,t  and  Wernick,^  all  observed  a  contraction  in  the  part  to 
■which  the  ergot  was  applied,  both  in  frogs  and  in  warm-blooded 
animals ;  but  L.  Hermann,§  although  he  made  many  experiments, 
and  used  the  most  different  preparations,  never  succeeded  in 
observing  a  contraction.  It  would  also  seem  reasonable  to 
expect  that  with  a  narrowing  of  the  vessels,  which  means  a 
peripheral  obstruction,  the  blood-pressure  would  rise,  but  on 
the  contrary  the  pressure  sinks,  a  fact  on  which  there  is  no 
division  of  opinion. 

Nikitin  has  made  some  researches  with  pure  sclerotic  acid, 
which  certainly  possesses  the  most  prominent  therapeutic  efiects 
of  ergot ;  but  since  it  is  not  the  only  toxio  substance,  it  may  not 
represent  the  collective  action  of  the  drug,  just  in  the  same  way 
that  morphine  is  not  equivalent  in  action  to  opium.  Cold- 
blooded animals  are  very  sensitive  to  sclerotic  acid ;  of  the 
warm-blooded  the  carnivorse  are  more  sensitive  than  the 
herbivorse.  The  toxic  action  is  specially  directed  to  the  central 
nervous  system — with  frogs,  the  reflex  excitability  is  diminished 
to  full  paralysis ;  with  warm-blooded  animals  reflex  excitability 
is  only  diminished,  and  continues  to  exist  even  to  death. 

The  temperature,  falls,  the  breathing  is  slowed,  and  the  respira- 
tion stops  before  the  heart  ceases  to  beat ;  the  peristaltic  action 
of  the  intestines  is  quickened,  and  the  uterus  (even  of  non- 
pregnant animals)  is  thrown  into  contraction.  The  terminations 
of  the  sensory  nerves  are  paralysed  by  the  direct  action  of 
sclerotic  acid,  but  they  remain  intact  with  general  poisoning. 
The  heart  of  frogs  is  slowed  by  sclei-otic  acid.  Eberty  observed 
that  this  slowing  of  the  heart  (he  used  ergotin)  was  produced 
even  after  destruction  of  the  spinal  cord ;  he  therefore  considered 
it  as  acting  on  the  inhibitory  nerve  apparatus  of  the  heart 
itself  Rossbach,  using  Wenzeln's  ecbolin,  has  also  studied  its 
action  on  the  heart  of  the  frog,  and  observed  that  the  slowing  *^ 
aff'ected  the  ventricles  rather  than  the  auricles,  so  that  for  one 
ventricle-systole  there  were  two  contractions  of  the  auricles  ; 
besides  which,  the  contractions  themselves  were  peculiar  and 
abnormal  in  character.  The  cause  of  death  from  sclerotic  acid 
seems  to  be  paralysis  of  the  respiration.  It  is  said  not  to  affect 
animal  foetal  life.  With  regard  to  the  effects  produced  by 
feeding  animals  with  ergotised  grain,  experiments  made  during 

*  Archiv  d.  Physiol.  Norm.  u.  Pathol.,  iii.,  p.  384. 

t  Unber  die  Wirkimr/en  des  Secale  Gornutum.    Dissert.  Halle,  1873. 

%  Arch.  f.  Pathol.  Anat.,  Ivi.,  p.  505. 

§  Lehrbmh  der  Bxper.  Toxicologie.    Berlin,  1874,  p.  386. 
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the  last  century  have  proved  that  it  produces  a  gangrenous 
disease — e.g.^  0.  Salerne  mixed  one  part  of  spurred  rye  with 
two  of  good  barley,  and  fed  pigs  with  the  mixture ;  a  few 
days  afterwards  the  pigs  perished  with  dilated,  hard,  and  black 
bellies  and  offensively  ulcerated  legs  ;  another  pig  fed  entirely 
on  the  rye,  lost  its  four  feet  and  both  ears. 

§  524.  Separation  of  the  Active  Principles  of  Ergot  from  Animal 
Tissues. — There  has  been  no  experience  in  the  separation  of  the 
constituents  of  ergot  from  the  organs  of  the  body ;  an  attempt 
might  be  made  on  the  principles  detailed  in  page  429,  but  success 
is  doubtful. 


II.— PIOROTOXIN,  THE  ACTIVE  PRINCIPLE  OF  THE 
GOCCUL  US  INDICUS  (INDIAN  BERRY,  LEVANT 
NIJT). 

§  525.  The  berries  of  the  Menispermum  cocculus  comprise  at 
least  three  definite  crystalline  principles :  menispermine,*  para- 
menispermine  (nitrogen  containing  bases),  and  2}icfotoxi7i,  which 
possesses  some  of  the  characters  of  an  acid. 

§  526.  Ficrotoxin  (Gj^H-iiO^)  was  discovered  in  1820  by  Boullay. 
It  is  usually  prepared  by  extracting  the  berries  with  boiling 
alcohol,  distilling  the  alcohol  off,  boiling  the  alcoholic  residue 
with  a  large  quantity  of  water,  purifying  the  watery  extract 

*  Menispermine  (C18H24N2O2  ?),  discovered  in  1834  by  Pelletier  and 
Courbe,  is  associated  with  a  second  named  paramenis2xrmi)ie.  The 
powdered  berries  are  extracted  by  alcohol  of  36°  ;  the  picrotoxin  removed 
by  hot  water  from  the  alcoholic  extract ;  the  menispermine  and  iDaramenis- 
permine  dissolved  out  together  by  acidulated  water,  and  from  this  solution 
precipitated  by  ammonia.  The  brown  precipitate  is  dissolved  in  acetic  acid, 
filtered,  and  again  precipitated  by  ammonia.  This  precipitate  is  dried, 
treated  with  cold  alcohol,  to  separate  a  yellow  resinous  substance,  and 
lastly  with  ether,  which  dissolves  out  the  menispermme,  but  leaves  the 
paramenispermine.  .  j  ■ 

Menispermine  forms  white  semi-transparent,  four-sided,  truncated  prisms, 
meltina  at  120°,  decomposed  at  a  higher  temperature,  insoluble  in  water, 
but  dissolving  in  warm  alcohol  and  ether.  Combined  with  8  atoms  ot 
water  it  crystallises  in  needles  and  prisms.  The  crystals  are  without  any 
taste  ;  in  combination  with  acids,  salts  may  be  formed. 

Paramenispermine  fo^ms  four-sided  prisms,  or  radiatmg  crystalline  masses, 
meltincr  at  250°,  and  subliming  undecomposed.  The  crystals  are  soluble  in 
absolute  ether,  insoluble  in  water,  and  scarcely  soluble  in  ether  _ 

Paramenispermine  dissolves  in  acids,  but  apparently  without  terming 
delSnite  salts. 
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with  sugar  of  lead,  concentrating  the  colourless  filtrate  by 
evaporation,  and  crystallising  the  picrotoxin  out  of  water. 

Picrotoxin  crystallises  out  of  water,  and  also  out  of  alcohol, 
in  colourless,  flexible,  four-sided  prisms,  often  arborescent,  and 
possessing  a  silky  lustre.  They  are  unalterable  in  the  air, 
soluble  in  150  parts  of  cold,  and  25  parts  of  boiling  water, 
dissolving  easily  in  acidified  water,  in  spirit,  in  ether,  in  amyl 
alcohol,  and  chloroform.  They  are  ^vithout  smell,  but  have  an 
extremely  bitter  taste.    Caustic  ammonia  is  also  a  solvent. 

The  crystals  are  neutral  and  bitter.  They  melt  at  a  gentle  heat 
to  a  yellow  mass  ;  at  higher  temperatures  giving  ofi"  an  acid 
vapour,  with  a  caramel-like  odour,  and  lastly  carbonising. 
Picrotoxin  in  cold  concentrated  sulphuric  acid  dissolves  with 
the  production  of  a  beautiful  gold-yellow  to  saffron-yellow 
colour,  which  becomes  on  the  addition  of  a  trace  of  potassic 
bichromate  violet,  passing  into  brown.  An  alcoholic  solution 
turns  a  ray  of  polarised  light  to  the  left  [ajj  =  -  28-1°. 

Picrotoxin  behaves  towards  strong  bases  like  a  weak  acid. 
Its  compounds  with  the  alkalies  and  alkaline  earths  are  gummy 
and  not  easily  obtained  pure.  Compounds  with  quinine,  cin- 
chonLne,  morphine,  strychnine,  and  brucine  can  be  obtained  in 
the  crystalline  condition.  Dilute  sulphuric  acid  transforms  it, 
with  assimilation  of  water,  into  a  weak  gummy-like  acid, 
which  corresponds  to  the  formula  G-^^^^iPe-  Nitric  acid  oxi- 
dises it  to  oxalic  acid.  Nitropicrotoxin  and  bromopicrotoxin 
(^12^13(^02)05,  and  Cj2Hj2B^^205)'  ^^^^  ^7  appropriate  treatment 
be  obtained. 

Concentrated  aqueous  solutions  of  alkalies  and  ammonia 
decompose  picrotoxin  fully  on  warming.  It  reduces  alkaline 
copper  solution,  and  colours  bichromate  of  potash  a  beautiful 
green.  The  best  test  for  its  presence  is,  however,  as  follows  : — 
The  supposed  picrotoxin  is  carefully  dried,  and  mixed  with 
thrice  its  bulk  of  saltpetre,  the  mixture  moistened  with  sulphuric 
acid,  and  then  decomposed  with  soda-lye  in  excess,  when  there 
is  produced  a  transitory  brick-red  colour.  For  the  reaction  to 
succeed,  the  picrotoxin  should  be  tolerably  pure. 

Solutions  of  picrotoxin  are  not  precipitated  by  the  chlorides 
of  platinum,  mercury,  and  gold,  iodides  of  potash,  ferro-  and 
fernd-cyanides  of  potash,  nor  by  picric  nor  tannic  acids. 

§  527.  Fatal  Z>ose. -—Vossler  killed  a  cat  in  two  hours  with  a 
dose  of  -12  grm.  (1-8  grain);  and  another  cat,  with  the  same 
dose,  died  m  45  minutes.  Falck  destroyed  a  younc^  hound 
with  -06  grm.  (-92  grain)  in  24  to  26  minutes.  Given  by  sub- 
cutaneous or  intravenous  injection,  it  is,  as  might  be  expected 
still  more  lethal  and  rapid  in  its  effects.    In  an  experiment  of 
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Falcks,  -03  grm.  (46  grain),  injected  into  a  vein,  destroyed  a 
strong  hound  within  20  minutes;  -016  grm.  (-24  grain)  injected 
■under  the  skin,  killed  a  guinea-pig  in  22  minutes;  and  -012  grm. 
(•18  grain)  a  hare  in  40  minutes.  Hence  it  may  be  inferred 
that  from  2  to  3  grains  (12-9  to  194  centigrms.)  would,  in  all 
probability,  be  a  dangerous  dose  for  an  adult  person. 

§  528.  Effects  on  Animals. — The  toxic  action  of  picrotoxin  on 
fish  and  frogs  has  been  proposed  as  a  test.  The  symptoms 
observed  in  fish  are  mainly  as  follows  : — The  fish,  accordino-  to 
the  dose,  show  uncertain  motions  of  the  body,  lose  their  balance, 
and  finally  float  to  the  surface,  lying  on  one  side,  with  frequent 
opening  of  the  mouth  and  gill-covers.  These  symptoms  are, 
however,  in  no  way  distinguishable  from  those  induced  by  any 
poisonous  substance  in  the  water,  or  by  many  diseases  to  which 
fish  are  liable.  Nevertheless,  it  may  be  conceded  that  in  certain 
cases  the  test  may  be  valuable — if,  e.g.,  beer  be  the  matter  of 
research,  none  of  the  methods  used  for  the  extraction  of  picro- 
toxin will  be  likely  to  extract  any  other  substance  having  the 
poisonous  action  described  on  fish,  so  that,  as  a  confirmatory 
test,  this  may  be  of  use. 

Frogs,  under  the  influence  of  picrotoxin,  become  first  uneasy 
and  restless,  and  then  somewhat  somnolent ;  but  after  a  short 
time  tetanic  convulsions  set  in,  which  might  lead  the  inexperienced 
to  imagine  that  the  animal  was  poisoned  by  strychnine.  There 
is,  however,  one  marked  distinction  between  the  two — viz.,  that 
in  picrotoxin  poisoning  an  extraordinary  swelling  of  the  abdomen 
has  been  observed,  a  symptom  which,  so  far  as  known,  is  due 
to  picrotoxin  alone.  The  frog  is,  therefore,  in  this  instance,  the 
most  suitable  object  for  physiological  tests. 

Beer  extract  containing  picrotoxin  is  fatal  to  flies ;  but  no  definite 
conclusion  can  be  drawn  from  this,  since  many  bitter  principles 
(notably  quassia)  are  in  a  similar  manner  fatal  to  insect  life. 

§  529.  Effects  on  Man. — Only  two  fatal  cases  of  poisoning  by 
picrotoxin  are  on  record.  In  1829  several  men  sufiered  from 
drinking  rum  which  had  beeni  mpregnated  with  Gocculus  indicus; 
one  died,  the  rest  recovered.  In  the  second  case,  a  boy,  aged 
twelve,  swallowed  some  of  the  composition  which  was  used  for 
poisoning  fish,  the  active  principle  of  which  was  Cocciclus  indicus  ; 
in  a  few  minutes  the  boy  experienced  a  burning  taste,  he  had 
pains  in  the  gullet  and  stomach,  with  frequent  vomiting,  and 
diarrhoea.  A  violent  attack  of  gastro-enteritis  supervened,  with 
fever  and  delirium ;  he  died  on  the  nineteenth  day.  The  'post- 
mortem signs  were  those  usual  in  peritonitis:  the  stomach  was 
discoloured,  and  its  coats  thinner  and  softer  than  was  natural ; 
there  were  also  other  changes,  but  it  is  obvious  that,  as  the 
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death  took  place  so  long  after  the  event,  any  pathological  signs 
found  are  scarcely  a  guide  for  future  cases. 

§  530.  Physiological  Action. — The  convulsions  are  considered 
to  arise  from  an  excitation  of  the  medulla  oblongata;  the 
vat^us  centre  is  stimulated,  and  causes  spasm  of  the  glottis  and 
slowing  of  the  heart's  action  during  the  attack.  Rohrig  also 
saw  strong  contraction  of  the  uterus  •  produced  by  picrotoxin. 
According  to  the  researches  of  Crichton  Browne,  chloral  hydrate 
acts  in  antagonism  to  picrotoxin,  and  prevents  the  convulsions  in 
animals  if  the  dose  of  picrotoxin  is  not  too  large. 

§  531.  Separation  from  Organic  Matters. — Picrotoxin  is  ex- 
tracted from  aqueous  acid  solutions  by  either  chloroform,  amyl 
alcohol,  or  ether;  the  first  is  the  most  convenient.  Benzene 
does  not  extract  it,  if  employed  in  the  same  manner.  On 
evaporation  of  the  solvent  the  crude  picrotoxin  can  be  crystallised 
out  of  water,  and  its  properties  examined. 


III.— THE  POISON  OF  ILLIGIUM  RELIGIOSUM— 
A  JAPANESE  PLANT. 

§  532.  A  new  poison  belonging  to  the  picrotoxin  class  has  been  described 
by  Dr.  A.  Langaard.  In  1880,  five  children  in  Japan  were  poisoned  by  the 
seeds  of  the  Illicium  religiosum  ;  three  of  the  children  died.  Dr.  Langaard 
then  made  various  experiments  on  animals  with  an  active  extract  prepared 
by  exhaustion  with  spirit,  and  iiltimate  solution  of  the  extract  in  water. 
Eykmann  has  also  imperfectly  examined  the  chemistry  of  the  plant,  and 
has  succeeded  in  isolating  a  crystalLLne  body  which  is  not  a  glucoside  ;  it  is 
soluble  in  hot  water,  in  chloroform,  ether,  alcohol,  and  acetic  acid,  but  it 
is  insoluble  in  petroleum  ether  ;  it  melts  at  175°,  and  above  that  tempera- 
ture gives  an  oily  sublimate.  Langaard's  conclusions  are  that  all  parts  of 
the  plant  are  poisonous.  The  poison  produces  excitation  of  the  central 
apparatus  of  the  medulla  oblongata  and  clonic  convulsions  analogous  to 
those  produced  by  picrotoxin,  toxiresin,  and  cicutoxin.  Before  the  occur- 
rence of  convulsions,  the  reflex  excitability  of  frogs  is  diminished,  the 
respiratory  centre  is  stimulated,  hence  frequency  of  the  respiration.  Small 
doses  cause  slowing  of  the  pulse  through  stimulation  of  the  vagus  and  of 
the  peripheral  terminations  of  the  vagus  ;  in  the  heart  the  functional 
activity  is  later  diminished.  Small  doses  kill  by  paralysing  the  respiratory 
centre,  large  by  heart  paralysis.  The  proper  treatment  seems  to  be  by 
chloral  hydrate,  for  when  animals  are  poisoned  by  small  lethal  doses  it 
appears  to  save  life,  although  when  the  .dose  is  large  it  has  no  effect. — 
Ueberdie  GiflwirJcung  von  Japanischem  Sternanis  {Illicium  religiosum,  Sieb.), 
Virch.  ArcMv,  Bd.  Ixxxvi.,  1881,  S.  222. 
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IV.— CICUTOXIN.  . 

§  533.  The  Cicuta  virosa,  a  not  very  common  umbelliferous 
plant  growing  m  moist  places,  is  extremely  poisonous.  It  is 
trom  3  to  4  feet  m  height,  with  white  flowers ;  the  umbels  are 
large,  the  leaves  are  tripartite,  the  leaflets  linear  lanceolate 
acute,  serrate  decurrent ;  the  calyx  has  five  leaf-like  teeth,  the 
petals  are  obcordate  with  an  inflexed  point;  the  carpels  have 
five  equal  broad  flattened  ridges  with  solitary  stipes.  Bohm* 
succeeded,  in  1876,  in  separating  an  active  principle  from  this 
plant.  The  root  was  dried,  powdered,  and  exhausted  with 
ether ;  on  evaporation  of  the  ether  the  extract  was  taken  up 
with  alcohol,  and  after  several  days  standing  the  filtrate  was 
treated  with  petroleum  ether  ;  after  removing  the  petroleum,  the 
solution  was  evaporated  to  dryness  in  a  vacuum ;  it  was  found 
to  be  a  resinous  mass,  to  which  was  given  the  name  cicuioxin. 
It  was  fully  soluble  in  alcohol,  ether,  or  chloroform,  and  was 
very  poisonous,  but  what  its  exact  chemical  nature  may  be  is 
still  unknown. 

,  §  534.  Effects  on  Animals. — Subcutaneously  injected  into  frogs, 
cicutoxin  acts  something  like  picrotoxin,  and  something  like  the 
barium  compounds.  Ten  to  fifteen  minutes  after  the  injection 
the  animal  assumes  a  peculiar  posture,  holding  the  legs  so  that 
the  thigh  is  stretched  out  far  from  the  trunk,  and  the  leg  at 
right  angles  with  the  thigh  ;  voluntary  motion  is  only  induced  by 
the  strongest  stimuli,  and  when  the  frog  springs  he  falls  down 
plump  with  stifiiy  stretched-out  limbs.  The  frequency  of  breath- 
ing is  increased,  the  muscles  of  the  abdomen  are  thrown  into  con- 
traction, and  the  lungs  being  full  of  air,  on  mechanical  irritation 
there  is  a  peculiar  loud  cry,  depending  upon  the  air  being  forced 
under  the  conditions  detailed  through  the  narrow  glottis. 
Tetanic  convulsions  follow,  gradually  paresis  of  the  extremities 
appears,  and,  lastly,  full  paralysis  and  death ;  these  symptoms 
are  seen  after  doses  of  from  1  to  2  mgrms.  The  lethal  dose  for 
cats  is  about  1  centigrm.  per  kilo.  Diarrhoea,  salivation,  and 
frequent  breathing  are  first  seen,  and  are  followed  by  tonic  and 
clonic  convulsions,  then  there  is  an  interval,  during  which  there 
is  heightened  excitability  of  reflex  action,  so  that  noises  will 
excite  convulsions.  Small  doses  by  exciting  the  vagus  slow  the 
pulse ;  larger  doses  quicken  the  pulse,  and  raise  the  arterial 
pressure.  Cicutoxin  is  supposed  to  act  specially  on  the  medulla 
oblongata,  while  the  spinal  cord  and  the  brain  are  only  secon- 
darily aff"ected. 

*  Arch.  f.. Exp.  Path.,  Bd.  v.,  1876. 
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S  535  Effects  on  Man.—F.  A.  Falck  was  able  to  collect  thirty- 
onl  cases  of  poisoning  by  cicuta ;  of  these  14  or  45-2  per  cent, 
died  The  symptoms  are  not  dissimilar  to  those  described  m 
animals  There  are  pain  and  burning  in  the  stomach,  nausea, 
vomiting,  headache,  and  then  tetanic  convulsions.  These,  m  some 
cases  are  very  severe,  and  resemble  those  induced  by  strychnine  ; 
but  iii  a  few  cases  there  is  early  coma  without  convulsions.  There 
is  also  difficulty  or  absolute  impossibility  of  swallowing.  In  fatal 
cases  the  respiration  becomes  stertorous,  the  pulse  small,  the 
pupils  dilated,  and  the  face  cyanotic,  and  death  occurs  withm  some 
four  hours,  and  in  a  few  cases  later.    The  fatal  dose  is  unknown. 

§  536.  Separation  of  Cicutoxin  from  the  Body. — An  attempt 
mio-ht  be  made  to  extract  cicutoxin  from  the  tissues  on  the  same 
principles  as  those  by  which  it  has  been  separated  from  the 
plant,  and  identified  by  physiological  experiments.  In  all 
recorded  cases,  identification  has  been  neither  by  chemical  nor 
physiological  aids,  but  by  the  recognition  of  portions  of  the  plant. 


v.— ^THUSA  CYNAPIUM  (FOOL'S  PARSLEY). 

§  537.  This  plant  has  long  been  considered  poisonous,  and  a 
number  of  cases  are  on  record  in  which  it  is  alleged  that  death 
or  illness  resulted  from  its  use.  Dr.  John  Harley,*  however, 
in  an  elaborate  paper,  has  satisfactorily  proved  the  innocence 
of  this  plant,  and  has  analysed  the  cases  on  record.  He  has 
experimented  on  himself,  on  animals,  and  on  men,  with^  the 
expressed  juice  and  with  the  tincture.  The  results  were  entirely 
negative:  some  of  the  published  cases  he  refers  to  conium,  and 
others  to  aconite. 


VI.— CENANTHE  CROCATA. 

§  538.  The  Water  IIemloGh.-\ — This,  a  poisonous  umbelliferous 
plant,  indigenous  to  England,  and  growing  in  moist  places  such 

*  St.  Thomas'  Hosp.  Beports,  N.S.,  1875. 

t  The  earliest  treatise  on  poisoning  by  the  water-hemlock  is  by  Wepfer, 
Cicutce  Aquat.  Hisloria  e.t  Noxce,  1679 ;  for  cases  see  Trojanowsky,  Dorp. 
Med.  Ztrj.,  1875  ;  Meyer,  Med.  Zeitg.  f.  Preussen,  1842 ;  Schlesier  iu 
Casper's  Wochemchrift,  1843 ;  Maly,  QS.iter.  Med.  Wochenschr.,  1844 ; 
Badgeley,  Montreal  Med.  Gaz.,  1844;  Lender,  Viertelj.  f.  Oer.  Med., 
1865  ;  Gampf,  Coin.  Pharm.  Zeitg.,  1875  ;  and  the  treatises  of  Taylor 
and  others. 
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patica;  a  blistering  plaster,  Emplastrum  cantharides;  and  a  warm 
plaster,  Emplastrum  calefaciens. 

§  559._  Fatal  Dose.— It  is  difficult  to  state  the  fatal  dose  of 
cantharidin,  the  unassayed  powder  or  tincture  having  mostly- 
been  taken.  A  young  woman  died  from  1-62  grm.  (25  grains)  of 
the  powder,  which  is  perhaps  equivalent  to  6-4  mgrms.  (1  grain) 
of  cantharidin,  whilst  the  smallest  dose  of  the  tincture  known 
to  have  been  fatal  is  (according  to  Taylor)  an  ounce.  This 
would  be  generally  equivalent  to  15  mgrms.  (-24  grain).  Hence 
the  fatal  dose  of  cantharidin  may  be  approximately  stated  as 
from  6  mgrms.  upwards.  But,  on  the  other  hand,  recovery  has 
taken  place  from  very  large  doses. 

§  560.  Effects  on  Animals. — Certain  animals  do  not  appear 
susceptible  to  the  action  of  cantharidin.  For  example,  hedgehogs 
and  swallows  are  said  to  be  able  to  take  it  with  impunity. 
E-adecki*  found  that  cantharidin  might  even  be  injected  into 
the  blood  of  fowls  without  any  injury,  and  frogs  also  seem  to 
enjoy  the  same  impunity;  while  dogs,  cats,  and  other  animals  are 
sensitive  to  the  poison.  Galippe  ascertained  that  after  the 
injection  of  5  mgrms.  into  the  veins  of  a  dog,  there  was  exalta- 
tion of  the  sexual  desire ;  the  pupils  were  quickly  dilated,  the 
dog  sought  a  dark  place,  and  became  sleepy.  Animals  when 
poisoned  die  in  asphyxia  from  paralysis  of  the  respiratory 
centre.  Schachowaf  made  some  observations  on  the  effect  of 
cantharides  on  the  renal  excretion  of  a  dog  fed  daily  with  1 
grm.  in  powder.  On  the  third  day,  pus  corpuscles  were 
noticed ;  on  the  fifth,  bacteria ;  on  the  thirteenth,  the  urine 
contained  a  large  quantity  of  fatty  matters,  and  several  casts ; 
and  on  the  seventeenth,  red  shrivelled  blood  corpuscles  were 
observed. 

Effects  on  Man. — Heinrich  %  made  the  following  experiments 
upon  himself: — Thirty  living  blister-beetles  were  killed,  and 
digested,  without  drying,  in  35  grms.  of  alcohol  for  fourteen 
days,  of  this  tincture  ten  drops  were  taken.  There  ensued 
immediately  a  feeling  of  warmth  in  the  mouth  and  stomach, 
salivation,  the  pulse  was  more  frequent  than  in  health,  there 
was  a  pleasant  feeling  of  warmth  abou]b  the  body,  and  some  sexual 
excitement  lasting  three  hours.  In  half  an  hour  there  was 
abdominal  pain,  diarrhoea,  and  tenesmus,  and  frequent  painful 
micturition.  These  symptoms  subsided  in  a  few  hours,  but 
there  was  a  want  of  appetite,  and  pain  about  the  kidneys  lasting 

*  Die  Can<7iarirfm  Fer(/j/i!.,  Diss,,  Dorpat,  1806. 

t  Unters.  ilber  die  Nieren,  Diss.,  Bern,  1877  ;  Cornil,  Gas.  M6d.,  ISW. 
i  SchroflF,  Zeitsclirift  d.  Ges.  d.  Aerzte  in  Wien,  13,  56. 
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until  the  following  clay.  In  a  second  experiment,  on  taking  1 
cgrm.  of  cantliaridin,  there  were  very  serious  symptoms  of  poison- 
ing. Blisters  formed  on  the  tongue,  and  there  was  salivation, 
with  great  difficulty  in  swallowing,  and  a  general  feeling  of 
illness.  Seven  hours  after  taking  the  poison,  there  were  frequent 
micturitions  of  bloody  urine,  diarrhcea,  and  vomiting.  Twenty 
hours  after  the  ingestion  the  face  was  red,  the  skin  hot,  the  pulse 
twenty  beats  beyond  the  normal  pulsation,  the  tongue  denuded 
to  two-thirds  of  its  extent  of  its  epithelium,  and  the  lips  and 
mucous  membrane  red  and  swollen ;  there  was  great  pain  in  the 
stomach,  intestines,  and  in  the  neighbourhood  of  the  kidneys, 
continuous  desire  to  micturate,  burning  of  the  urethra,  and 
swelling  of  the  glands.  There  was  no  sexual  excitement  what- 
ever; and  the  urine  was  ammoniacal,  and  contained  blood  and 
pus,  the  symptoms  gradually  subsided,  but  recovery  was  not 
complete  for  fourteen  days. 

§  561.  The  foregoing  is  a  fair  picture  of  what  may  be  expected 
in  cantharides  poisoning.  It  is  remarkable  that  the  popular  idea 
as  to  the  influence  of  cantharidin  in  exciting  the  sexual  passion, 
holds  good  only  as  to  the  entire  cantharides,  and  not  with  can- 
tharidin. It  is  very  possible  that  cantharidin  is  not  the  only 
poisonous  principle  in  the  insect.  The  symptoms  in  other  cases, 
fatal  or  not,  have  been  as  follows  : — Immediate  burning  in  the 
mouth  and  throat,  extending  to  the  stomach  and  alimentary 
canal,  and  increasing  in  intensity  until  there  is  considerable 
pain.  Then  follow  salivation,  difficulty  in  swallowing,  and 
vomiting,  and  generally  diarrhoea,  pain  in  the  kidneys,  irritation 
of  the  bladder,  priapism,  and  strangury  are  all  present.  The 
pulse  is  accelerated,  the  breathing  disturbed,  there  are  pains  in  the 
head,  and  often  mydriasis,  giddiness,  insensibility,  delirium,  and 
convulsions  ;  trismus  has  been  noticed.  The  desire  to  micturate 
frequently  is  urgent,  the  urine  is  generally  bloody,  and  contains 
pus.  Pregnant  women  have  been  known  to  abort.  In  a  few  of 
the  cases  in  which  a  different  course  has  been  run,  the  nervous 
symptoms  have  predominated  over  those  of  gastro-intestinal 
irritation,  and  the  patient  has  sunk  in  a  kind  of  collapse.  In  a 
case  of  chronic  poisoning  by  cantharides,  extending  over  three 
months,  and  recorded  by  Tarchioni  Bonfanti,*  after  the  first  dose 
appeared  tetanic  convulsions,  which  subsided  in  twenty-four  hours, 
there  was  later  cystitis,  and  from  time  to  time  the  tetanic  con- 
vulsions returned ;  gastro-enteritis  followed  with  frequent  vomit- 
ing, when,  cantharides  being  found  in  the  matters  ejected,  the 
otherwise  obscure  nature  of  the  illness  was  shown. 

In  a  case  recorded  by  Sedgwick,  f  following  the  gastro-enteric 
*  Qaz.  Med.  Ital.  Lomb.,  1863.  f  Med.  Times,  1864. 
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symptoms,  there  were  epileptic  convulsions ;  in  this  instance 
also  was  noticed  an  unpleasant  smell,  recalling  the  notion 
formerly  held  that  cantharides  imparted  a  peculiar  odour  to  the 
breath  and  urine.  In  a  case  of  chronic  poisoning  related  by 
Tardieu,  six  students  during  several  months  used  what  they 
thought  was  pepper  with  their  food,  but  the  .substance  proved  to 
be  really  powdered  cantharides.  The  quantity  taken  each  day 
was  probably  small,  but  they  suffered  from  pain  about  the  loins, 
and  also  irritation  of  the  bladder.  There  was  no  sexual  excite- 
ment. 

§  562.  Post-mortem  Aj^pearances. — In  a  French  criminal  case, 
in  which  a  man  poisoned  his  step-brother  by  giving  cantharides 
in  soup,  the  pathological  signs  of  inflammation  of  the  gastro- 
intestinal tract  were  specially  evident,  the  mouth  was  swollen, 
the  tonsils  ulcerated,  the  gullet,  stomach,  and  intestines  were 
inflamed,  and  the  mucous  membrane  of  the  intestines  covered 
with  purulent  matter.  In  another  case  there  was  an  actual 
perforation  three  inches  from  the  pylorus.  The  inflammatory 
appearances,  however,  are  not  always  so  severe,  being  confined 
to  swelling  and  inflammation  without  ulceration.  In  all  cases 
there  has  been  noted  inflammation  of  the  kidneys  and  urinary 
passages,  and  this  is  seen  even  when  cantharidin  is  administered 
to  animals  by  subcutaneous  injection.  In  the  urine  will  be 
found  blood  and  fatty  epithelial  casts,  as  well  as  pus.  The  con- 
tents of  the  stomach  or  the  intestines  will  probably  contain  some 
remnants  of  powdered  cantharides,  if  the  powder  itself  has  been 
taken. 

§  563.  Tests  for  Cantharidin,  and  its  Detection  in  the  Tissues, 
&c. — The  tests  for  cantharidin  are — (1.)  Its  form,  (2.)  its  action 
in  the  subliming  cell,  and  (3.)  its  power  of  raising  a  blister. 

The  most  convenient  method  of  testing  its  vesicating  proper- 
ties, is  to  allow  a  chloroformic  solution  of  the  substance  supposed 
to  be  cantharidin  to  evaporate  to  dryness,  to  add  to  this  a  drop 
of  olive  oil  (or  almond  oil),  and  to  take  a  drop  up  on  the  smallest 
possible  quantity  of  cotton  wool,  and  apply  the  wool  to  the 
inside  of  the  arm,  covering  it  with  good  oilskin,  and  strapping 
the  whole  on  by  the  aid  of  sticking-plaster.  In  about  an  hour 
or  more  the  eff'ect  is  examined.  The  thin  skin  of  the  lips  is  far 
more  easily  blistered  than  that  of  the  arm,  but  the  application 
there  is  inconvenient. 

Dragendorff"  has  ascertained  that  cantharidin  is  not  present 
in  the  contents  of  a  blister  raised  by  a  cantharides  plaster, 
although  it  has  been  found  in  the  urine  of  a  person  trea,ted  by 
one;  and  Pettenkofi"er  has  also  discovered  cantharidin  in  the 
blood  of  a  boy  to  whose  spine  a  blister  had  been  applied. 
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The  great  insolubility  of  cantharidin  in  water  has  led  to 
various  hypotheses  as  to  its  absorption  into  the  system.  Dra- 
gendorff  considers  it  as  the  anhydride  of  an  acid,  which  is 
tolerably  easily  dissolved  by  potash,  soda,  and  ammonia  solutions, 
and  is  also  taken  up  in  small  proportion  by  sulphuric,  phosphoric, 
and  lactic  acids.  The  resulting  compounds  quickly  diflFuse  them- 
selves through  animal  membranes.  Even  the  salts  with  lime, 
magnesia,  alumina,  and  the  heavy  metals,  are  not  quite  insoluble. 
A  solution  of  salt  with  cantharidin,  put  in  a  dialysing  apparatus, 
separates  in  twenty-four  hours  enough  cantharidin  to  raise  a 
blister. 

Cantharidin  has  actually  been  discovered  in  the  heart,  brain,' 
muscles,  contents  of  the  stomach,  intestines,  and  fteces  (as  well 
as  in  the  blood  and  urine)  of  animals  poisoned  by  the  substance. 
■  A  urine  containing  cantharidin  is  alkaline  and  albuminous. 
Cantharidin,  although  readily  decomposed  by  chemical  agents, 
is  so  permanent  in  the  body  that  it  has  been  detected  in  the 
corpse  of  a  cat  eighty -four  days  after  death. 

In  any  forensic  case,  the  defence  will  not  improbably  be  set 
up  that  some  animal  (e.g.,  a  fowl  poisoned  by  cantharides)  has 
been  eaten  and  caused  the  toxic  symptoms,  for  cantharides  is  an. 
interesting  example  of  a  substance  which,  as  before  stated,  for 
certain  animals  (such  as  rabbits,  dogs,  cats,  and  ducks),  is  a 
strong  poison,  whilst  in  others  {e.g.,  hedgehogs,  fowls,  turkeys, 
and  frogs),  although  absorbed  and  excreted,  it  appears  inert. 
Experiment  has  shown  that  a  cat  may  be  readily  poisoned  by  a 
fowl  saturated  with  cantharides  ;  and  in  Algeria  the  military 
surgeons  meet  with  cystitis  among  the  soldiers,  caused  by  eating 
frogs  in  the  months  of  May  and  June,  the  frogs  living  in  these 
months  almost  exclusively  on  a  species  of  cantharides. 

Dragendorff  recommends  the  following  process  :— The  finely- 
pulped  substance  is  boiled  in  a  porcelain  dish  with  potash-lye 
(1  part  of  potash  and  12  to  18  of  water)  until  the  fluid  is  of  a 
uniform  consistence.  The  fluid,  after  cooling,  is  (if  necessary) 
diluted  with  an  equal  bulk  of  water,  for  it  must  not  be  too  thick  • 
then  shaken  with  chloroform  in  order  to  remove  impurities  •  and 
after  separation  of  the  chloroform,  strongly  acidified  with  sul 
phuric  acid,  and  mixed  with  about  four  times  its  volume  of 
alcohol  of  90  to  95  per  cent.  The  mixture  is  kept  for  some  time 
at  a  boiling  temperature,  filtered  hot,  and  the  alcohol  distilled 
from  the  filtrate.  The  watery  fluid  is  now  again  treated  with 
chloroform  as  above  described.  The  chloroform  extract  is 
washed  with  water,  the  residue  taken  up  on  some  hot  almond 

w  llf^  f  I  r^'^P'^'P''*^''  investigated.  The  mass,  heated 
with  potash  m  the  above  way,  can  also  be  submitted  to  dialysis 
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the  diffusate  supersaturated  with  sulphuric  acid,  and  shaken  up 
with  chloroform. 

In  order  to  test  further  for  cantharidin,  it  can  be  dissolved  in 
the  least  possible  potash  or  soda-lye.  The  solution,  on  evapora- 
tion in  the  water-bath,  leaves  crystals  of  a  salt  not  easily  soluble 
in  alcohol,  and  the  watery  solution  of  which  gives  with  chloride 
of  calcium  and  baryta  a  white  precipitate ;  with  sulphate  of  copper 
and  sulphate  of  protoxide  of  nickel,  a  green ;  with  cobaltous  sul- 
phate, a  red ;  with  sugar  of  lead,  mercury  chloride  and  argentic 
nitrate,  a  white  crystalline  precipitate.  With  palladium  chloride 
there  occurs  a  yellow,  hair-like,  crystalline  precipitate;  later 
crystals,  which  are  isomorphous  with  the  nickel  and  copper  salts. 

If  the  tincture  of  cantharides  has  been  used  in  considerable 
quantity,  the  urine  may  be  examined ;  in  such  a  case  there  will 
collect  on  the  surface  drops  of  a  green  oil,  which  may  be  extracted 
by  petroleum  ether ;  this  oil  is  not  blister-raising.  Cantharides 
in  powder  may,  of  course,  be  detected  by  its  appearance. 

To  the  question  whether  the  method  proposed  would  extract 
any  other  blister-producing  substance,  the  answer  is  negative, 
since  ethereal  oil  of  mustard  would  be  decomposed,  and  the 
active  constituents  of  the  Euphorbias  do  not  withstand  the  treat- 
ment with  KHO.  Oils  of  anemone  and  anemonin  are  dissolved 
by  KHO,  and  again  separated  out  of  their  solutions,  but  their 
blistering  property  is  destroyed.  They  are  volatile,  and  found 
in  anemone  and  some  of  the  Ranunculaceai.  In  the  Aqua  pulsatilla 
there  is  an  oil  of  anemone,  which  may  be  obtained  by  shaking 
with  ether ;  but  this  oil  is  not  permanent,  and  if  the  Aqua  Pul- 
satilla stand  for  a  little  time,  it  splits  up  into  anemonic  acid  and 
anemonin,  and  then  cannot  be  reobtained.  A  blistering  sub- 
stance, obtained  from  the  Anacardia  orientalia  and  the  fruit  of 
the  Anacardium  occidentale  and  Semecarpus  anacardium,  is  not 
quite  destroyed  by  a  short  action  with  potash,  but  is  by  one  of 
long  duration;  this  substance,  however,  cannot  be  confused 
with  cantharidine,  for  it  is  oily,  yellow,  easily  soluble  m  alcohol 
and  ether,  and  differs  in  other  respects. 


Y.— SNAKE  POISON, 


S  564.  The  poisonous  snakes  belong  chiefly  to  two  classes,  the 
Proteroglypha  and  the  Solenoglypha.  The  practical  difficulty  m 
the  investigation  of  snake-venom  is  such  that,  notwithstanding 
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the  interest  of  the  subject,  but  little  definite  is  known  of  the 
chemistry  of  the  poison  of  any  snake  save  that  of  the  cobra. 

§  565.  The  Poison  of  the  Cobra. — The  poison  excreted  from 
the  salivary  glands  of  the  cobra  di  capello  is  the  most  deadly 
animal  fluid  known.  "When  first  ejected,  it  is  an  amber-coloured, 
rather  syrupy,  frothy  liquid,  of  specific  gravity  1-046,  and  of 
feeble  acid  reaction;  it  dries  rapidly  on  exposure  to  air  to  a 
yellow  film,  which  readily  breaks  up  into  brilliant  yellow 
granules,  closely  imitating  crystals.  The  yellow  powder  is  very 
acrid  and  pungent  to  the  nostrils,  and  excites  a  painful  (though 
transitory)  inflammation,  if  applied  to  the  mucous  membrane  of 
the  eye  ;  the  taste  is  bitter,  and  it  raises  little  blisters  on  the 
tongue.  It  is  perfectly  stable,  and  preserves  its  activity  for  au 
indefinite  time.  The  dried  poison  as  described  is  perfectly 
soluble  in  water,  and  if  the  water  is  added  in  proper  proportions, 
the  original  fluid  is  without  doubt  reproduced,  the  solution, 
usually  depositing  a  sediment  of  epithelial  debris,  and  often 
containing  little  white  shreds. 

The  poison  has  been  examined  by  several  chemists,  but  until 
of  late  years  with  a  negative  result.  The  writer  was  the  first 
to  isolate,  in  1876,  a  crystalline  principle,  which  appears  to  be 
the  sole  active  ingredient ;  the  yellow  granules  were  dissolved 
in  water,  the  albumen  which  the  venom  so  copiously  contains 
coagulated  by  alcohol,  and  separated  by  filtration  ;  the  alcohol 
was  then  driven  off  at  a  gentle  heat,  the  liquid  concentrated  to 
a  small  bulk,  and  precipitated  with  basic  acetate  of  lead.  The 
precipitate  was  separated,  washed,  and  decomposed  in  the  usual 
way  by  SHg,  and  on  removing  the  lead  sulphide,  crystals  having 
toxic  properties  were  obtained. 

Pedler,*  precipitating  the  albumen  by  alcohol,  and  then  to  the 
alcoholic  solution  adding  platinic  chloride,  obtained  a  semi-crystal- 
line precipitate,  which  from  an  imperfect  combustion  he  thinks 
may  have  something  like  the  composition  'PtOl^{O^^Il25^ ^0^13.01)2. 
I  have  examined  the  platinum  compound,  and  made  several 
combustions  of  different  fractions,  but  was  unable  to  obtain  the 
compound  in  a  sufficient  state  of  purity  to  deduce  a  formula. 
My  analysis  agreed  with  those  of  Pedler  for  nitrogen— viz.,  9-93 
per  cent.  (Pedler,  9-69);  hydrogen  4-17  (Pedler,  4-28);  but  were 
higher  for  carbon,  41-8  per  cent.  (Pedler,  33-42  per  cent.);  one 
fraction  7-3  per  cent,  of  platinum,  another  double  that  amount. 
Material  was  insufficient  to  thoroughly  investigate  the  compound, 
but  it  was  evident  that  several  double  salts  were  formed.  ' 

§  566.  Fatal  Dose. — From  my  experiments  on  cats,  rabbits, 


*  Proc.  Roy.  Soc,  vol.  xxvii.,  p.  17. 
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and  birds,  it  seems  probable  that  the  least  fatal  dose  for  cats 
and  rabbits  Hes  between  -7  and  -9  mgrm.  per  kilo.,  and  for  birds 
somewhere  about  -7  mgrm.  per  kilo,  of  the  dried  poison;  the 
venom  contains  about  60  per  cent,  of  albuminous  matter, 
and  about  10  per  cent,  of  poisonous  substance;  therefore,  the 
lethal  power  is  represented  by  something  like  -07  to  -09  mgrm. 
per  kilo.,  if  the  pure  toxic  principle  free  from  albumin  \nd 
diluting  impurities  be  considered. 

_  §  567.  Effects  on  Animals. — Almost  immediately  local  pain  or 
signs  of  uneasiness  at  the  seat  of  injection  are  observed.  There 
is  then  a  variable  interval,  seldom  exceeding  20  minutes  (and 
generally  much  less),  but  in  one  of  my  experiments  half  an 
hour  elapsed  after  the  injection  of  a  fatal  dose  before  any 
effect  was  evident.  The  symptoms  once  produced,  the  course 
is  rapid,  and  consists,  first,  of  acceleration  of  the  respirations^ 
and  then  a  progressive  slowing,  soon  followed  by  convulsions. 
The  convulsions  are  probably  produced  by  the  interference  with 
the  respiration  and  the  deficient  oxidation  of  the  blood,  and  are, 
therefore,  the  so-called  "carbonic  acid  convulsions."  There  is 
paresis  or  paralysis  of  the  limbs.  Death  seems  to  occur  from 
asphyxia,  and  the  heart  beats  for  one  or  more  minutes  after  the 
respirations  have  ceased.  If  the  dose  is  so  small  as  not  to 
produce  death,  no  after-effects  have  been  observed;  recovery  is. 
complete. 

Sir  J.  Fayrer,  and  Dr.  Lauder  Brunton  consider  that  the 
terminations  of  the  motor  nerves  suffer ;  on  the  other  hand,. 
Dr.  Wall  would  explain  the  phenomena  by  referring  the  action 
entirely  to  the  central  nervous  system,  and  concludes  that  the 
effects  of  the  cobra  poison  consist  in  the  extinction  of  function 
extending  from  below  upwards  of  the  various  nerve  centres 
constituting  the  cerebro-spinal  system.  In  addition  to  this,, 
there  is  a  special  and  rapid  action  on  the  respiratory  and  allied 
nuclei,  and  this  it  is  that  causes  death. 

§  568.  Effects  on  Man. — By  far  the  best  account  hitherto 
published  of  the  effects  of  the  cobra  poison  is  a  paper  by  Dr> 
Wall,*  in  which  he  points  out  the  very  close  similarity  between 
the  symptoms  produced  and  those  of  glosso-pharyngeal  paralysis. 
This  is  well  shown  in  the  following  typical  case : — coolie  was 
bitten  on  the  shoulder  about  twelve  at  midnight  by  a  cobra ; 
he  immediately  felt  burning  pain  at  the  spot  bitten,  which 
increased.  In  fifteen  minutes  afterwards  he  began,  he  said,  to 
feel  intoxicated,  but  he  seemed  rational,  and  answered  questions 

*  "  On  the  difiference  of  the  physiological  eflfects  produced  by  the  poison 
of  Indian  venomous  snakes,"  by  A.  T.  Wall,  M.D.,  Proc.  Roy.  Soc,  1881, 
vol.  xxxii.,  p.  333. 
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intelligently.  The  pupils  were  natural,  and  the  pulse  normal ; 
the  respirations  were  also  not  accelerated.  He  next  began  to 
lose  power  over  his  legs,  and  staggered.  In  thirty  minutes 
after  the  bite  his  lower  jaw  began  to  fall,  and  frothy  viscid 
mucous  saliva  ran  from  his  mouth  ;  he  spoke  indistinctly,  like 
a  man  under  the  influence  of  liquor,  and  the  paralysis  of  the 
legs  increased.  Forty  minutes  after  the  bite,  he  began  to 
moan  and  shake  his  head  from  side  to  side,  and  the  pulse  and 
respirations  were  somewhat  accelerated;  but  he  was  still  able 
to  answer  questions,  and  seemed  conscious.  There  was  no 
paralysis  of  the  arms.  The  breathing  became  slower  and  slower, 
and  at  length  ceased  one  hour  and  ten  minutes  after  the  bite, 
the  heart  beating  for  about  one  minute  after  the  respiration  had 
stopped. 

There  is  often  very  little  sign  of  external  injury,  merely  a 
scratch  or  puncture  being  apparent,  but  the  areolar  tissue  lying 
beneath  is  of  a  purple  colour  and  infiltrated  with  a  large  quantity 
of  coagulable,  purple,  blood-like  fluid.  In  addition,  the  whole 
of  the  neighbouring  vessels  are  intensely  injected,  the  injection 
gradually  diminishing  as  the  site  of  the  poisoned  part  is  receded 
from,  so  that  a  bright  scarlet  ring  surrounds  a  purple  area,  and 
this  in  its  turn  fades  into  the  normal  colour  of  the  neighbourins 
tissues.  At  the  margin  is  also  a  purple  blood-like  fluid,  replaced 
by  a  pinkish  serum,  which  may  often  be  traced  up  in  the  tissues 
surrounding  the  vessels  that  convey  the  poison  to  the  system, 
and  may  extend  a  considerable  distance.  These  appearances  are 
to  be  accounted  for  in  great  part  by  the  irritant  properties  of 
the  cobra  venom.  The  local  hyperasmia  and  the  local  pain  are 
the  first  symptoms.  In  man  there  follows  an  interval  (which 
may  be  so  short  as  a  few  minutes,  or  so  long  as  four  hours)  before 
any  fresh  symptoms  appear  ;  the  average  duration  of  the  interval 
is,  according  to  Dr.  Wall,  about  an  hour.  When  once  the 
symptoms  are  developed,  then  the  course  is  rapid,  and,  as  in  the 
case  quoted,  a  feeling  like  that  of  intoxication  is  first  produced, 
and  then  loss  of  power  over  the  legs.  This  is  followed  by  a  loss 
of  power  over  the  speech,  over  swalloAving,  and  the  movement  of 
the  lips ;  the  tongue  becomes  motionless,  and  hangs  out  of  the 
mouth ;  the  saliva  is  secreted  in  large  quantities,  and  runs  down 
the  face,  the  patient  being  equally  unable  to  swallow  it  or  to 
eject  it,  and  the  glosso-pharyngeal  paralysis  is  complete. 

§  569.  Antidotes  and  Treatment.— Vroiessor  Halford  some  years 
ago  proposed  ammonia,  and  M.  Lacerda  in  recent  times  has 
declared  potassic  permanganate  an  antidote  to  the  cobra  poison 
The  ammonia  theory  has  been  long  disproved,  and  before  Lacerda 
had  made  his  experiments  I  had  published  the  chemical  aspect 
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of  some  researches  *  when  I  stated  that  mixing  the  cobra  venom 
Avith  an  alkaline  solution  of  potassic  permanganate  destroyed 
its  poisonous  properties,  and  I  had  also  made  experiments  in 
every  conceivable  way  with  potassic  permanganate,  injecting  it 
simultaneously  in  different  parts  of  the  same  animal's  body,  and 
had  proved  that  it  had  no  antidotal  power  whatever  over  the  living 
subject.  Dr.  Shortt  had  also,  long  before  my  own  experiments, 
proved  the  same  thing,  and  since  the  publication  of  Lacerda's  extra- 
ordinary communication,  other  observers  have  given  the  matter  a 
fair  trial,  and  refuted  completely  the  antidotal  properties  of  potassic 
permanganate.!  It  only  acts  when  it  comes  directly  into  contact 
with  the  venom,  but  when  the  venom  is  once  absorbed  into  the 
circulation  potassic  permanganate,  whether  acid,  alkaline,  or 
neutral,  is  powerless.  That  it  is  of  great  use  when  applied  to  a 
bite  is  unquestionable,  for  it  neutralises  or  changes  any  of  the 
venom  hanging  about  the  wound,  and  which,  if  allowed  to 
remain,  might  yet  be  absorbed ;  but  here  it  is  obvious  that  the 
venom  is,  so  to  speak,  outside  the  body.  The  general  treatment 
most  likely  to  be  successful  is  the  immediate  sucking  of  the 
wound,  followed  by  the  application  of  an  alkaline  solution  of 
permanganate ;  and  lastly,  if  the  symptoms  should  nevertheless 
develop,  an  attempt  should  be  made  to  maintain  the  breathing 
by  galvanism  and  artificial  respiration.  | 


*  Analyst,  Feb.  28,  1877. 

+  See  Note  on  the  effect  of  various  substances  in  destroying  the  activity 
of  the  cobra  poison.  By  T.  Lauder  Brunton  and  Sir  J.  Fayrer,  Proc.  Roy. 
Soc,  vol.  xxvii.,  p.  17. 

X  Some  of  my  experiments  on  the  cobra  poison  may  be  briefly  detailed, 
illustrating  the  general  statement  in  the  text :  — 

1.  A  quantity  equal  to  1  mgrm.  of  the  dried  venom  was  injected  subcu- 
taueously  into  a  chicken.  The  symptoms  began  in  two  minutes  with  loss 
of  power  over  both  legs.  In  eight  minutes  the  legs  were  perfectly  paralysed. 
There  were  convulsive  movements  of  the  head  and  wings,  slowing  of  the 
respiration,  and  death  in  ten  minutes.  The  same  quantity  of  poison  was 
treated  with  a  little  tannin,  and  the  clear  liquid  which  separated  from  the 
precipitate  injected  into  another  chicken.  The  respiration  became  affected 
in  ten  minutes  ;  in  eighteen  minutes  the  bird  had  become  very  quiet,  and 
lay  insensible ;  in  twenty  minutes  it  was  dead,  the  respiration  ceasing  before 

the  heart.  r  ^^     u  r 

2.  In  seven  experiments  with  cobra  poison,  first  rendered  feebly  alkaline 
with  an  alkaline  solution  of  potassic  permanganate,  no  effect  followed. 
Three  of  the  experiments  were  on  chickens,  four  on  rabbits. 

3.  A  chicken  was  injected  with  1  mgrm.  of  cobra  poison  in  one  leg,  and 
in  the  other  simultaneously  with  a  solution  of  potassic  permanganate. 
Death  followed  in  sixteen  minutes.  Another  chicken  was  treated  m  tlie 
same  way,  but  with  injections  of  potassic  permanganate  solution  every  tew 
minutes.  Death  resulted  in  thirty-seven  minutes.  Four  other  similar 
experiments  were  made— two  with  feebly  alkaline  permanganate,  two  witli 
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§  570.  Detection  of  the  Cobra  Venom. — In  an  experiment  on  a 
rabbit,  the  animal  was  killed  by  the  subcutaneous  injection  of 
8  m<^rms.  per  kilo,  of  the  cobra  poison.  Immediately  after 
death,  2  cc.  of  the  blood  were  injected  into  a  small  rabbit; 
in  fifteen  minutes  there  was  slow  respiration  with  pains  in  the- 

permanganate  made  feebly  acid  with  sulphuric  acid — but  death  occurred 
with  the  usual  symptoms. 

4.  Cobra  poison  was  mixed  with  a  weak  solution  of  iodine,  and  a  quantity 
equal  to  half  a  mgrm.  was  injected  into  a  chicken.  The  symptoms  began 
du-ectly,  were  fully  developed  in  ten  minutes,  and  death  took  place  in 
twenty-one  minutes. 

5.  Equal  volumes  of  cobra  venom  and  aldehyde  were  mixed,  and  a 
quantity  equivalent  to  1  mgrm.  of  the  cobra  poison  injected.  The  symptoms 
were  immediate  paralysis  and  insensibility,  and  the  respiration  rapidly  fell. 
Death  occurred  in  fom:  minutes  without  convulsions. 

6.  The  cobra  venom  was  mixed  with  a  feebly  alkaline  solution  of  pyro- 
gallic  acid,  and  injected  subcutaneously  into  a  chicken.  In  six  minutes  the 
usual  symptoms  commenced,  followed  in  thirteen  minutes  by  death. 

7.  One  mgrm.  was  injected  into  a  chicken.  The  respirations  at  the  com- 
mencement were  120  ;  in  twenty -two  minutes  they  sank  to  96,  in  twenty -five 
minutes  to  84,  in  twenty-seven  miniites  to  18,  and  then  to  occasional  gasps, 
with  shght  movement  of  the  wings  and  toes.  There  was  death  in  thirty- 
two  minutes  after  the  injection. 

8.  A  young  rabbit  was  injected  with  '5  mg.  (equal  to  1  mgrm.  per  kilo.)  of 
cobra  poison.  In  two  hours  it  was  apparently  moribund,  with  occasional 
short  gasps.  Artificial  respiration  was  now  attempted.  There  was  con- 
siderable improvement,  but  it  was  intermitted  during  the  night,  and  the 
animal  was  found  dead  in  the  morning,  having  certainly  lived  six  hours. 

9.  A  strong  healthy  kitten  was  injected  with  1  mgrm.  of  cobra  venom 
(equal  to  5  mgrms.  per  kilo. )  In  twenty  minutes  the  symptoms  were  well 
developed,  and  in  an  hour  the  animal  was  gasping — about  twelve  short 
respirations  per  minute.  Artificial  respiration  was  kept  up  for  two  hours, 
and  the  animal  recovered,  but  there  was  great  muscular  weakness  lasting 
for  more  than  twenty-four  hours. 

10.  A  brown  rabbit,  weighing  about  2  kilos.,  was  injected  with  12  mgrms. 
(6_  per  kilo.)  of  the  cobra  poison.  The  symptoms  developed  within  ten 
minutes  ;  ammonia  was  injected,  and  also  given  by  the  nostril.  The  heart's 
action,  which,  previous  to  the  administration  of  the  ammonia,  had  been 
beating  feebly,  became  accelerated,  but  death  followed  within  the  hour,  the 
heart  beating  two  minutes  after  the  respiration  had  ceased. 

11.  A  brown  rabbit,  about  2  kilos,  in  weight,  was  injected  with  1'5 
mgrms.  of  cobra  poison  ( '75  per  kilo. )  There  were  no  symptoms  for  nearly 
an  hour,  then  sudden  convulsions,  and  death. 

12.  Another  rabbit  of  the  same  size  was  treated  similarly,  but  immediately 
after  the  injection  made  to  breathe  nitrous  oxide;  death  took  place  in  thhty 
minutes.  A  rabbit,  a  little  over  2  kilos,  in  weight,  was  injected  with  7 
mgrms.  of  cobra  venom  per  kilo.,  and  then  10  mgrms.  of  monobromated 
camphor  were  administered.  In  fifteen  minutes  there  was  general  paralysis 
of  the  limbs,  from  which  in  a  few  minutes  the  animal  seemed  to  recover; 
thirty  minutes  after  the  injection  there  were  no  very  evident  symptoms' 
but  within  forty  minutes  there  was  a  sudden  accession  of  convulsions,  and 
death.  Experiments  were  also  made  with  chloroform,  morphuae,  and  many 
other  substances,  but  none  seemed  to  exercise  any  true  antidotal  effect. 
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limbs;  in  thirty  minutes  this  had,  in  a  great  measure,  passed 
oil,  and  m  a  little  time  the  animal  was  well.  In  any  case  in 
which  it  IS  necessary  to  attempt  to  separate  the  cobra  venom 
the  most  likely  method  of  succeeding  would  be  to  make  a  cold 
alcoholic  extract,  evaporate  in  a  vacuum,  take  up  the  residue 
m  a  little  water,  and  test  its  effect  on  small  animals. 
_  §  671.  Duboia  Hussellii.— The  Duboia  russellii  or  RusselVs  viper 
IS  one  of  the  best  knoAvn  and  most  deadly  of  the  Indian  vipers. 
The  effects  of  the  poison  of  this  viper  are  altogether  different 
from  those  of  the  cobra.  The  action  commences  by  violent 
general  convulsions,  which  are  often  at  once  fatal,  or  may  be 
followed  by  rapid  paralysis  and  death;  or  these  symptoms,  again, 
may  be  recovered  from,  and  death  follow  at  a  later  period.  The 
convulsions  do  not  depend  on  asphyxia,  and  with  a  small  dose 
may  be  absent.  The  paralysis  is  general,  and  may  precede  for 
some  time  the  extinction  of  the  respiration,  the  pupils  are  widely 
dilated,  there  are  bloody  discharges,  and  the  urine  is  albuminous. 
Should  the  victim  survive  the  first  effects,  then  blood  poisoning 
may  follow,  and  a  dangerous  illness  result,  often  attended  with 
copious  hajmorrhages.  A  striking  example  of  this  course  is 
recorded  in  the  Indian  Med.  Gaz.,  June  1,  1872. 

^  A  Mahommedan,  aged  40,  was  bitten  on  the  finger  by  Russell's 
viper ;  the  bitten  part  was  soon  after  excised,  and  stimulants 
given.  The  hand  and  arm  became  much  swollen,  and  on  the 
same  day  he  passed  blood  by  the  rectum,  and  also  bloody  urine. 
The  next  day  he  was  sick,  and  still  passing  blood  from  all  the 
channels ;  in  this  state  he  remained  eight  days,  losing  blood 
constantly,  and  died  on  the  ninth  day.  Nothing  definite  is 
known  of  the  chemical  composition  of  the  poison ;  it  is  probably 
qualitatively  identical  Avitli  "  viperin." 

§  572.  The  Poison  of  the  Common  Yiiier. — The  common  viper 
still  abounds  in  certain  parts  of  Great  Britain,  as,  for  example, 
on  Dartmoor.  The  venom  was  analysed  in  a  partial  manner  by 
Valentin.  In  1843  Prince  Lucien  Bonaparte  separated  a  gummy 
varnish,  inodorous,  glittering,  and  transparent,  which  he  called 
echidnin  or  vijjerin ;  it  was  a  neutral  nitrogenous  body  without 
taste,  it  arrested  the  coagulation  of  the  blood,  and,  injected  into 
animals,  produced  all  the  effects  of  the  bite  of  the  viper.  The 
effects  of  the  viper  poison  are  strikingly  like  those  of  the  more 
venomous  duboia,  and  as  Dr.  Giuseppe  Badaloni*  has  shown  that 
the  ordinary  viper,  in  cold  weather,  is  scarcely  poisonous,  it 
is  highly  probable  that  future  investigation  Avill  establish  the 
complete  qualitative  identity  of  the  poison  secreted  by  the 


*  Lancet,  May  5,  1SS3. 
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various  members  of  tlie  viperine  class.  The  symptoms  are 
dilatation  of  the  pupil,  progressive  diminution  of  temperature, 
convulsions,  diminution  of  blood-pressure,  and  paralysis,  followed 
by  death.  The  course  is  usually  very  rapid.  After  death  the 
blood  is  found  fluid,  and  there  are  numerous  hsemoi'rhagic  points 
in  the  mucous  membranes  and  organs  of  the  body. 

§  573.  The  Rattlesnake. — The  rattlesnake  (crotalus)  secretes  a 
poison  which,  in  1861,  was  investigated  by  Mr.  Weir  Mitchell. 
He  considered  the  active  principle  to  consist  of  an  albuminoid 
body.  The  effects  of  the  rattlesnake  bite  are,  so  far  as  is  known, 
strikingly  like  those  produced  by  vipers,  and  it  is  possible  that 
the  poison  is  also  chemically  identical  with  "  viperin." 


DIVISION  II.— POISONS  FORMED  IN  DEAD 
ANIMAL  MATTERS. 


I.— PTOMAINES— CADAVERIC  ALKALOIDS. 

§  574.  It  has  long  been  known  that,  in  putrefying  animal 
substances,  more  or  less  definite  poisonous  principles  arise. 
Letheby,  many  years  ago,  separated  several  of  these  ;  and  Dr. 
W.  B.  Richardson  succeeded  in  crystallising  the  hydrochlorate 
of  a  base,  from  a  pyajmic  fluid,  and  showed  it  to  possess  remark- 
able toxic  eff-ects.  Marquardt,  of  Stettin,  also  discovered  a 
cadaveric  alkaloid,  which  he  named  septicin.  Other  researches 
followed,  and  the  names  of  Panum,*  Bergmann,t  Schmiedeberg, 
hchmidt,^  Zuelzer,  Sonnenschein,§  and  W.  Schwanert  will  be 
remembered  as  having  contributed  to  our  present  know- 
ledge of  the  matter.     It  is,  however,  Francesco  Selmi  ||  who 

^S;"^:^^-  See  also  Bd. 

t  Dasputride  Gift  u.  dieputride  Infection.    Dorpat,  1868 
T  Schmidt  f^wfe«Mc/i.  uber  das  Sepsin.   Inaug.  Dissert.,  Dorpat,  1869 
§  Berlin.  Kim.  Wochenschr.,  1869,  Nrb.  12. 

II  Selmi  Sulk  Ptomaine  od  Alcaloide  Cadaverici,  e  lore  imporian-a  in 
m'rfe  p?°^°?°^'  1877-  See  also  dei  Lincei,  vol.  Sf  isTs^nd 
Chemi,trv  »  1  p'^T"'  ^"i?  Sigmficance  in  Judicial  and  Toxicological 
^.l^  ^^.  ^  Professor  Husemann,  Chem.  News,  June  2,  1882.  For  other 
papers  on  rtomames,  see  the  Bibliography  at  end  of  this  article 
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made  the  first  prolonged  and  methodical  study  of  the  whole 
question,  and  has  shown  its  great  chemico-legal  importance. 

§  575.  The  general  method  used  by  Selmi  in  extracting  the 
ptomaines  was  to  make  an  alcoholic  extract  very  much  after  the 
method  of  Stas ;  and  then  after  filtration  to  evaporate  the  alco- 
holic extract  in  a  vacuum.  This  he  efiected  by  placing  the 
alcoholic  solution  in  a  Wolfe's  bottle ;  the  one  tubule  being  con- 
nected with  a  long  tube  dipping  into  mercury,  which  served  the 
purposes  of  a  manometer,  the  other  united  to  a  globular,  well- 
cooled  receiver,  which  in  its  turn  was  connected  with  a  vacuum 
pump.  The  liquids  were  thus  evaporated  down  to  extracts  at 
from  30°  to  35°,  an  aqiieous  solution  was  then  made  of  the 
extract,  and  the  solution  shaken  up  with  solvents,  the  solution 
itself  either  remaining  acid,  or  being  alkalised  by  baryta.  He 
attempted  to  purify  the  ptomaines  obtained  in  this  way  by 
several  methods.  Sometimes  the  ptomaine  was  so  alkaline  that 
a  current  of  COg  would  be  sufiicient  to  precipitate  it.  More 
often  it  was  precipitated  from  its  acid  solution  by  means  of 
baryta,  and  the  pasty  mass  was  exhausted  with  ether ;  occa- 
sionally an  ethereal  solution  of  tartaric  acid  was  used,  and  the 
tartrate  decomposed  with  iodine  in  hydriodic  acid  (Hl-f-I). 
His  chief  results  were  as  follows  : — 

§  576.  Ptomaines  extracted  from  the  Acid  Liquid  hy  means  of 
Ether. — The  substances  extracted  by  ether  gave  precipitates 
with  tannin,  iodine  in  hydriodic  acid,  and  gold  chloride.  Some 
gave  a  precipitate  with  corrosive  sublimate,  others  not.  Some 
gave  a  rose-red  colour  with  sulphuric  acid ;  with  nitric  acid,  they 
all  yellowed  more  or  less.  In  one  case  a  substance,  which  gave  a 
remarkably  fragrant  odour  when  heated  with  sulphuric  acid  and 
then  neutralised  by  sodic  carbonate,  was  separated,  resembling 
the  odour  of  atropine  when  treated  similarly.  A  physiological 
experiment  with  this  fragrant  body,  showed  that  it  was  poison- 
ous, but  it  killed  in  a  difierent  manner  from  atropine,  and 
produced  only  a  temporary  dilatation  of  the  pupil. 

Another  substance  extracted  from  an  acid  solution,  struck  a, 
violet  hue  in  the  cold  with  sulphuric  acid.  Iodic  acid  and  gold 
chloride  were  immediately  reduced.  The  sulphuric  acid,  left  to 
itself  for  a  few  days,  turned  yellow,  and  emitted  an  aromatic  odour. 

§  577.  Ptomaines  extracted from  an  Alkaline  Liquid  by  means  of 
Mher.—Belmi  notices  that,  generally  speaking,  the  ptomaines 
extracted  in  this  way  soon  decompose  and  develop  a  cadaveric 
odour.  They  dilate  the  pupil,  but  only  temporarily;  tfiey  taste 
pungent  or  bitter,  benumb  the  tongue,  and  cause  a  teelmg  oi 
sufi-ocation  in  the  throat;  they  sometimes  increase  tlie  cardiac 
action,  sometimes  diminish  it.     In  eighteen  experiments  six  or 
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one-third  produced  the  death  of  frogs,  with  the  heart  in  systole 
and  empty.  Their  chemical  characteristics  are  those  of  alkaloids ; 
they  are  alkaline  in  reaction,  and  are  precipitated  by  general 
alkaloidal  reagents.  The  following  are  some  of  the  substances 
mentioned  by  Selmi : — 

A  substance  becoming  violet  with  strong  sulphuric  acid. 

A  substance  reducing  iodic  acid. 

A  substance  which  gave  a  yellow-red  precipitate  with  acetate 
of  copper,  and  was  also  precipitated  by  corrosive  sublimate  and 
phosphomolybdic  acid. 

A  substance  giving  a  violet  tint  passing  into  red  with  cold 
sulphuric  acid,  the  red  not  being  discharged  by  the  addition  of 
bromine  water.  Frbhde's  reagent,  as  well  as  sulphuric  acid, 
mixed  with  cerium  oxide,  also  struck  a  red  colour  with  the  same 
substance. 

_  A  substance  giving  a  red  with  sulphuric  acid  like  the  last,  but 
differing  from  it,  for  bromine  water  discharged  the  colour. 

A  substance  which  gave  a  violet  colour  on  treating  a  dried 
drop  of  the  solution  with  three  drops  of  hydrochloric  acid  and 
then  gently  heating.  ' 
An  alkaline  substance  giving  a  violet  colour  with  phosphoric 

He  also  found  at  least  two  ptomaines,  which  gave  crystalline 
precipitates  with  iodine  in  hydriodic  acid— the  one  separated 
Pnio^  ^      '.       "'^^^'^     needles  arranged  in  digitate  groups 
■k   :i  extracted  by  GJiloroform.—AitQv  shaking  up 

with  ether  the  liquid  was  then  acted  on  by  chloroform.  Those 
dissolved  by  this  solvent  had  mostly  a  strong  alkaline  reaction  • 
the  taste  was  pungent  and  sometimes  bitter,  benumbing  the 
tongue  They  easily  decomposed,  and  generally  reduced  iodic 
^''f  ""^^^  ^^^""^  ^  colour  with  sulphuric  acid 
and  the  substance  behaved  not  unlike  delphinin.  A  few  formed 
crystalline  compounds  with  HI  +  I.  lormea 

snlp^^f  h  Amylio  Alcolwl.-^^\mi  found 

some  of  the  ptomaines  insoluble  in  ether  or  chloroform  but 
soluble  m  amyhc  alcohol.    A  ptomaine  obtained  by  thisTolvent 
gave   with  lodme  in  hydriodic  acid,  a  red-browJ  prec  late 
which,  when  examined  without  loss  of  time  by  the  Zl^^i 

Je  llw  d^or  A  .tsn    -^^f'^   .-adually  ^decomposed  S 
J^o/Tn,-?™?  :  A  physiological  experiment  showed  that  it 


464 


POISONS  :    THEIll  EFFECTS  AND  DETECTION.  [§  580-583. 


a  rabbit  it  produced  dilatation  of  the  pupil,  tetanic  convulsions, 
and  death  in  two  and  a  half  hours. 

§  580.  Ftomaines  extracted  by  Amyl  Alcohol  and  Ether. — By 
extracting  with  amyl  alcohol  and  ether,  resolution  in  alcohol, 
and  then  precipitating  the  solution  with  basic  lead  acetate,  fil- 
tering, freeing  from  excess  of  lead,  &c.,  a  white  substance  was 
ultimately  obtained,  which  reduced  iodic  acid  ;  precipitated  ferric 
chloride,  and  corrosive  sublimate ;  iodised  hydriodic  acid,  and  gold 
chloride,  but  gave  no  reaction  in  the  cold  with  sulphuric  ac-id  and 
no  precipitate  with  picric  acid,  Mayer's  reagent,  potassio-cadmic 
iodide,  nitrate  of  silver,  and  bichromate  of  potash. 

§  581.  Volatile  Products. — He  succeeded  more  than  once  in 
separating  an  alkaloid  which  was  either  coniine  or  some  nearly 
allied  volatile  product.  The  possibility  of  coniine  developing  in 
animal  substances  is  evident  from  the  fact  of  its  structure ;  one 
molecule  of  butyric  acid,  and  one  molecule  of  ammonia,  with 
separation  of  SHgO  might  produce  it.    Thus — 

Butyric  Acid.     Ammonia.  Coniine. 

2C4H8O2  +  NH3  -  2H2O  =  CgHisN. 
Or  again,  butyric  acid,  ammonia,  and  hydrogen  may  react  thus — 

Butyric  Acid.     Ammonia.  Conine. 

2C4H8O2  +  NH3  +  2H2  -  4H2O  =  CgHisN. 
Or  again,  trimethylamine  and  valerianic  acid  may  react  thus — 

Valerianic  Trimethy- 

Acid.        lamina.  Coniine. 

C5H10O2  +  CsHfllSr  -  2H2O  =  CsHisN. 

Similarly,  caproic  acid  and  ammonia  (not  to  mention  the  reactions 
of  certain  amides  with  nascent  hydrogen)  may  produce  coniine ; 
but  that  any  synthesis  of  coniine  is  a  common  occurrence  in 
dead  bodies  may  be  denied. 

§  582.  Ptomaines  from  Fatty  Matters.  — Bj  washing  fatty 
matters  with  water  acidulated  by  sulphuric  acid,  then  extracting 
the  solution  with  ether,  first  acting  on  the  acid  liquid,  and  then 
on  the  same  alkalised  by  baryta,  Selmi  obtained  an  alkaline 
residue  of  pungent  taste,  which,  when  neutralised  with  acetic 
acid  and  dissolved,  gave  precipitates  with  tannin,  lodme  m 
hydriodic  acid,  and  chloride  of  platinum  and  gold,  and  strongly 

reduced  iodic  acid.  o  i    •  1  ri  +1 

§  583.  Ptomaines  containing  Graeme— Selmi  has  maae  tne 
interesting  observation  that  strongly  poisonous  and  crystalline 
ptomaines,  some  of  which  contain  arsenic,  may  be  found  m  tJie 
exhumed  bodies  of  men  or  animals  who  have  died  from  arsenical 
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poison.  In  a  subject  exhumed  fourteen  days  after  death,  the 
corpse  was  well  preserved,  and  a  large  amount  of  arsenic  was 
detected.  By  the  search  for  alkaloids  with  ether  in  a  liquid 
made  alkaline  with  baryta,  a  substance  in  small  quantity  was 
separated  which  crystallised  in  needles,  and  formed  crystallisable 
salts  with  acids.  It  gave  no  precipitate  with  platinic  chloride, 
save  in  very  concentrated  solutions ;  with  sulphuric  acid  it 
struck  a  red  colour ;  with  iodic  acid,  and  afterwards  with  sul- 
phuric acid,  free  iodine  was  liberated,  and  a  violet  colour  produced, 
which  disappeared  on  neutralisation  with  sodic  carbonate. 

Nitric  acid  coloured  it  beautifully  yellow,  and  by  saturation 
with  caustic  potash  this  colour  deepened.     Nordhausen  sul- 
phuric acid  produced  only  after  some  time  a  red  colour ;  iodine 
in  hydriodic  acid  gave  no  crystalline  product.    The  quantity  of 
this  substance  obtained  was  insufficient  for  further  experiments ; 
but  a  short  time  after  Selmi  was  enabled  to  obtain  a  larger 
amount  of  ptomaines  from  the  body  of  a  man  which  had  been 
exhumed  a  month  after  death.    The  ptomaine  was  extracted 
with  ether  from  an  alcoholic  extract,  dissolved  in  water,  and 
neutralised  by  baryta,  and  subsequently  purified  and  converted 
into_  acetate.     The  solution  gave  with   tannic  acid  a  white 
precipitate;   with  iodine   in   hydriodic  acid,  a  kermes-brown 
precipitate,  gradually  disappearing,  and  furnishing  microscopical, 
colourless,  and  branched,  but  no  yellow  or  brown  crystals.  With 
platinic  chloride  it  gave  no  precipitate,  but  in  the  course  of  time 
yellow  crystals  appeared,  not  like  those  of  platinic  chloride. 
Auric  chloride  gave  a  yellow  precipitate,  which  was  afterwards 
reduced ;  mercuric  chloride,  a  white  precipitate ;  potassic  bichro- 
mate, no  precipitate;  picric  acid,  a  yellow  precipitate,  which 
gradually  changed  to  long  crystalline  tables  of  a  yellow  colour 
No  iodic  acid  was  liberated,  even  after  the  addition  of  several 
drops  of  sulphuric  acid,  but,  on  warming,  free  iodine  appeared 
quickly,  and  on  saturating  with  sodic  bicarbonate,  the  violet 
colour  disappeared.     The  substance  was  intensely  poisonous 
but  it  contained  no  arsenic.    Selmi  later  discovered  oro-anic 
bases  containing  arsenic  in  the  stomach  of  a  hog,  which*  had 
been  preserved  in  a  solution  of  arsenious  acid.    The  liquid  was 
first  submitted  to  distillation  in  a  current  of  hydroo-en  •  the 
distillate  was  alkaline,  and  when  neutralised  with  HOl'  and 
evaporated  to  dryness,  yielded  a  white  non-deliquescent  hydro- 
chlorate  m  cross-shaped  crystals;  developing  a  smell  similar  to 
but  not  identical  with,  that  of  trimethylamine.    By  oxidising  it 
with  nitric  acid,  taking  up  the  residue  with  sulphuric  acid 
reducing  the  arsenic  acid  by  means  of  sulphurous  acid  to 
arsenious  acid,  and  submitting  it  to  the  action  of  a  Marsh's 
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apparatus,  arsenic  was  shown  to  be  present.  This  body  did  not 
precipitate  tannic  acid ;  with  iodine  in  hydriodic  acid,  there  was 
a  precipitate  of  beautiful  crystals  of  a  grey  colour,  and  the 
appearance  of  iodine ;  with  picric  acid,  a  yellow  precipitate  which 
changed  to  long,  yellow,  felt-like  needles.  Platinic  chloride  gave 
directly  a  granular  canary-yellow  precipitate  of  microscopic  octa- 
hedrons ;  mercuric  chloride  gave  no  precipitate. 

Professor  Oiacclo  made  some  physiological  experiments  with  24 
mgrms.  of  the  substance,  and  found  that  it  was  most  intensely 
poisonous,  resembling  strychnine  in  its  action.  From  the  solid 
matter,  and  also  from  the  liquid  which  remained  in  the  retort, 
a  fixed  arsenical  ptomaine  (by  treatment  on  the  principles  pre- 
viously detailed)  was  extracted  by  ether.  Its  solution  in  water 
gave,  with  tannin,  a  slowly  separating  yellowish  precipitate ; 
with  iodine  in  hydriodic  acid,  a  yellowish-red  precipitate,  and 
brown  drops ;  with  platinic  chloride,  a  non-crystalline  yellowish 
powder  •  with  auric  chloride,  a  yellowish  precipitate,  which  was 
afterwards  reduced.  Mercuric  chloride  and  potassio-mercuric 
iodides  gave  yellowish-white  precipitates ;  potassic  bismuthic 
iodide,  an  orange-yellow  precipitate,  changing  to  red ;  picric 
acid,  a  non-crystalline,  and  potassium  bichromate,  a  reddish- 
yellow  precipitate.  Experiments  made  on  frogs  showed  that 
its  poisonous  action  was  different  to  that  of  the  volatile  arsines, 
but  was  connected  with  the  action  of  the  ordinary  ptomaines. 
The  most  prominent  phenomena  were  torpor,  paralysis,  and 
systolic  inactivity  of  the  heart. 

§  584.  Ptomaines  are  by  no  means  produced  solely  in  the 
putrefaction  of  animal  substances.  Lombroso  and  Erba  first 
showed  that  during  the  putrefaction  of  maize,  a  poisonous  basic 
principle  was  developed,  which  had  a  toxic  action  similar  to 
that  of  strychnine.  The  putrid  leguminous  substances  are  also 
likely  to  produce  poisonous  bases.  It  seems  reasonable  to 
believe  that  some  of  the  cases  of  poisoning  from  eating  meat- 
pies,  sausages,  and  the  like,  which  have  hitherto  been  referred 
to  diseased  meat,  or  have  received  no  explanation,  have  been 
really  due  to  poisoning  by  ptomaines. 

§  585.  From  the  preceding  sketch  it  is  evident  that  no  single 
member  of  the  cadaveric  alkaloids  has  been  completely  studied. 
What  we  have  hitherto  learned  concerning  them  is,  for  the  most 
part,  derived  from  a  study  of  microscopic  films  or,  at  the  best, 
a  few  milligrammes.  There  is,  therefore,  all  the  uncertainty 
about  the  properties  of  these  bodies  which  is  inherent  to  con- 
clusions based  upon  reactions  on  minute  quantities,  and  physio- 
logical experiments  undertaken  with  substances  the  purity  ot 
which  is  doubtful.    Nevertheless,  the  existence  of  ptomaines 
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may  be  conceded,  and  also  the  fact  that  some  of  their  reaction 
and  properties  resemble  such  alkaloids  as  strychnine,  morphine 
atropine,  delphinin,  and  coniine ;  but  such  differences  for  thi 
most  part  exist,  that  a  careful  and  experienced  toxicologis 
would  not  be  likely  to  form  erroneous  conclusions.  Attempt; 
have  been  made  to  find  some  general  test  which  would  dis 
tinguish  the  ptomaines  from  the  natural  alkaloids,  but  with  n( 
complete  success  as  yet.  Potassic  ferrid-cyanide  is  very  quickb 
reduced  by  all  ptomaines,  and  is,  therefore,  a  most  useful  test 
The  base  is  converted  into  sulphate ;  a  drop  of  the  ferrid-cyanide 
solution  is  put  into  a  watch-glass,  and  the  solution  of  the  bas( 
added.  The  mixed  liquid  is  then  tested  with  a  ferric  salt ;  i 
reduction  has  taken  place,  the  liquid  will  become  Prussian-blu( 
in  colour.  The  behaviour  of  the  plant-alkaloids  to  ferrid-cyanid( 
may  be  summarised  as  follows  : — 

Eeducing  Potassic  Ferrid-cyanide  hut  Slowly. 

Hyoscyamine,  emetine,  igasurine,  colchicine,  nicotine,  apo 
morphine,  aniline,  methylamine,  paratoluidine,  diphenylamine 
napthylamine,  pyridin,  collidin,  hydrocollidine,  isodipyridine. 
diallylendiamine,  and  acetonamine. 

Beducing  Potassic  Ferrid-cyanide  in  a  Few  Seconds  or  in  a  Moment. 

Crystallised  ergotinine,  crystallised  aconitine,  digitalin,  mor- 
phine, eserine;  fluid  hyoscyamine,  amorphous  aconitine,  and 
amorphous  ergotine. 

Brouardel  and  Boutmy  *  propose  to  distinguish  between  the 
ptomaines  and  the  natural  alkaloids  by  their  action  on  photo- 
graphic silver  bromide  paper.  The  paper  is  written  on  by  a 
glass  pen  dipped  in  a  solution  of  the  base,  and  the  paper  is  then 
sheltered  from  the  light.  At  the  end  of  half  an  hour  the  paper 
IS  washed  with  sodic  hyposulphite,  and  then  with  water;  the 
plant-bases  do  not  blacken,  but  the  ptomaines  reduce  the  silver, 
and  the  writing  becomes  visible.  Too  much  trust,  however,' 
must  not  be  placed  on  a  test  so  recently  proposed.  ' 
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THE  SYNTHESIS  OF  POISONS  BY  THE  LIVING. 

§  586.  There  are  several  diseases  in  which  the  most  rational 
explanation  of  the  symptoms  is  either  that  poisons  are  self-pro- 
duced, or  else  that  the  blood  becomes  loaded  with  excrementitious 
matters.  It  has,  indeed,  been  asserted  recently  that  toxic 
principles  in  minute  quantity  may  be  separated  from  the  urine 
and  saliva  of  healthy  persons  ;*  and  if  this  is  so,  one  may  readily 
admit  the  possibility  of  the  synthesis  of  toxic  substances  in 
abnormal  quantity  in  states  of  disease.  One  of  the  most  striking 
illustrations  of  this  apparent  self-poisoning  is  to  be  seen  in  the 
disease  or  state  of  the  body  termed  acsetonsemia,  or  diabetic 
coma,  and  urtemia,  which  so  strikingly  simulate  the  action  of 
narcotic  poisons.  An  excellent  example  of  diabetic  coma  is 
recorded  in  the  Lancet,  March  11,  1882,  by  Dr.  Pratt.  The  case 
may  be  detailed  in  his  own  words  : — 

On  Wednesday,  May  11th,  1881,  about  10  p.m.,  I  was  requested  to  visit 

E.  R  ,  just  arrived  in  Newtown.    On  reaching  the  house  where  the 

patient  was  staying  I  found  a  young  girl  of  about  twenty-four  years  of  age, 
pale  and  thin,  in  a  semiconscious  state,  breathing  rapidly  and  noisily,  with 
a  small  quick  pulse.  She  was  sitting  in  an  arm-chair,  and  could  answer 
questions,  but  confusedly  and  with  dilficulty. 

The  history  given  of  her  was  as  follows  :— She  had  arrived  here  by  the 
4  p.m.  train  from  Manchester.  At  the  station  she  had  a  staggering  gait  and  a 
confused  manner,  with  saliva  here  and  there  on  her  clothes,  and  was  con- 
sidered' by  all  who  saw  her  to  be  drunk.  She  took  the  onimbus  to  the 
principal  hotel,  where  she  asked  for  a  little  brandy  and  water,  which  was 

*  That  the  saliva  of  a  healthy  person  contains  any  poisonous  principle  is 
doubtful. 
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supplied  to  her.  In  a  short  time  she  fell  off  her  chair  in  the  commercia 
room  of  the  hotel  ia  what  seemed  a  kind  of  fit ;  she  was  then  helped  up  to  ; 
bedroom  where  she  was  very  sick.  All  who  saw  her  thought  she  wai 
intoxicated.  After  remaining  there  about  four  hours,  she  was  requested  t( 
seek  her  relatives.  She  then  left  the  hotel,  with  assistance,  and  was  nex 
seen  sitting  ia  a  doorway.  About  9  p.m.  she  was  able  to  appeal  to  a  womai 
who  came  near  to  take  her  in,  saymg  that  she  was  very  ill,  that  she  ha( 
been  so  for  weeks,  and  that  she  had  been  told  by  a  Manchester  medica 
man  that  she  was  suffering  from  diabetes.  The  woman  believed  her  story 
took  her  ia,  and  sent  for  a  police  officer,  who  managed  to  get  at  the  namei 
of  her  relatives.  These,  being  communicated  with,  came  to  her  at  once  anc 
sent  for  me. 

I  found  E.  R  in  the  condition  described.    She  was  not  drunk,  foi 

there  was  no  tremulousness  of  hands  or  tongue,  no  nonsense  talked  whei 
she  was  roused  to  consciousness,  and  her  countenance  was  not  that  of  i 
drunkard.  She  was  not  apoplectic,  for  there  was  no  paralysis.  There  wa; 
no  history  or  appearance  of  injury.  I  thought  it  urtemia.  I  ordered  her  t( 
be  taken  at  once  to  her  aimt's,  about  half  a  mile  off.  I  accompanied  he: 
thither  in  the  conveyance,  and  saw  her  safe  in  bed.  Even  as  I  left  the  un 
conscious  state  was  deepening. 

Next  morning,  about  9  a.m.,  I  again  saw  E.  R  .    She  had  passed  i 

restless  night,  and  was  now  almost  quite  unconscious,  only  answering  "Yes' 
or  "No"  when  shouted  to.  The  pupils  were  dilated,  and  the  conjunctiva  in 
sensible ;  pulse  130,  small ;  respii'ation  rapid  and  noisy.  On  auscultation 
the  lungs  were  found  to  be  without  disease,  and  the  heart's  sounds  veri 
clear  and  normal.  In  the  night  time  she  had  passed  urine  very  freely,  anc 
had  got  out  of  bed  herself  to  do  so.  The  urine  contained  about  one-eightl 
of  albumen,  and  was  loaded  with  sugar.  At  3  p.m.  she  was  quite  insensible 
pulse  feeble  ;  extremities  cold  and  dusky  ;  respiration  and  pupils  as  before 
She  could  still  swallow,  though  quite  unconsciously.  At  7  p.m.  she  was  m 
articulo  mortis,  and  died  comatose  at  S  p.m.,  twenty -two- hours  after  I  firsi 
saw  her.    No  post-mortem  examination  was  permitted. 

Here  we  have  all  the  symptoms  of  a  narcotic  poison— first,  th( 
mental  confusion;  next,  the  drowsiness;  and,  lastly,  the  fata! 
coma.*  In  death  from  urssmic  poisoning,  the  same  sort  of  coma 
may  end  the  scene;  but,  as  a  rule,  convulsions  precede  th( 
narcosis,  although  not  always  witnessed,  for  the  convulsions  o: 
urfemia,  as  well  as  those  of  epilepsy,  may  take  place  in  the 
night,  or  in  secluded  places,  and  the  individual  be  found  in  £ 
deep  sleep— without  any  history.  Cases  of  this  kind  are  sc 
frequent  that  there  is  scarcely  any  medical  man  of  experience 
who  has  not  met  with  them.  A  few  years  ago,  a  personal  friend 
of  my  own  went  to  bed  in  apparently  perfect  health  and  spirits 
but  was  found  the  next  morning  in  a  deep  coma,  which  was  fatal 
in  about  twenty-four  hours.  The  autopsy  revealed  no  lesion 
whatever ;  there  was  neither  cerebral  eflfusion,  nor  disease  of  any 
important  organs.    There  was  no  suspicion  of  suicide ;  and  it 

*  See  also  Southey,  Lancet,  Feb,  8,  1879;  Elliott,  ib.,  March  22,  1879 
and  "  Acetontemia,"  by  B.  Fisher,  Brit.  Med.  Journal,  Jan.  18,  1878. 
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was  the  opinion  of  the  physicians  in  attendance  that  the  deceased 
had  had  an_  epileptic  fit,  which  had  been  followed  by  coma. 
Allowing  this  explanation  to  be  correct,  one  cannot  help  here 
suggesting  the  synthesis  in  the  body  of  a  narcotic  poison.  This 
interesting  and  forensically  important  subject  seems  to  demand 
naore  attention  and  investigation  by  the  physician,  the  physiolo- 
gist, and  the  chemist,  than  have  hitherto  been  given  to  it. 


IL— POISONING  BY  PUTRID  OR  CHANGED  FOOD- 
SAUSAGE  POISONING. 

§  587.  The  various  instances  of  poisoning  which  occur  from 
time  to  time  in  every  European  country,  and  are  referable  to 
changes  or  conditions  of  food,  have  now  for  many  years  received 
a  considerable  degree  of  attention — the  subject  still  remains  most 
obscure,  but  from  a  number  of  circumstances  it  is  probable  that 
the  cases  all  fall  under  one  of  the  following  heads  : — 

1.  Food  contaminated  with  a  zymotic  poison. 

2.  Meat  of  a  diseased  animal,  which,  when  eaten,  sows,  as  it 
were,  in  the  person  of  the  individual  eating  it,  a  living  germ, 
which,  by  its  multiplication,  induces  an  illness. 

3.  Trichinosis. 

4.  Ergotism  (see  p.  426). 

5.  The  production  of  a  ptomaine  by  some  peculiar  decomposition 
of  albuminous  substances. 

1.  Food  Contaminated,  hy  a  Zymotic  Poison. 

§  588.  In  India,  in  1871,  some  rice  contaminated  with  the 
cholera  poison  propagated  the  disease  to  seventy-three  persons.* 

Investigations  on  the  summer-diarrhoea  of  this  country  have 
established  its  intensely  infectious  character.  Dr.  Wm.  John- 
stone,! in  his  prolonged  microscopical  examination  of  the  excreta, 
himself  acquired  this  afiection  no  less  than  five  times.  Hence,  it 
is  evident  that,  when  diarrhoea  is  epidemic,  dishes  and  articles 
of  food  may  be  accidentally  contaminated  through  uncleanly 
habits,  and  thus  a  very  complete  imitation  of  irritant  poisoning 
be  produced. 

*  See  Author's  Dictionary  of  Hygiene,  art.  "Cholera." 
t  Lancet,  Sept.  21  and  28,  1878. 
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.2.  Certain  Meat  {prohahly  of  a  Diseased  Animal)  may  sow  in 
the  Person  Eating  it  a  Germ,  which,  by  its  Division  and 
Multiplication,  causes  Illness. 

The  best  examples  of  this  class  are  sho-wn  in  the  poisonings 
-which  occurred  at  Welbeck  and  at  Nottingham  in  1880,  and 
were  investigated  very  completely  by .  Dr.  IBallard  and  others 
connected  with  the  Local  Government  Board.*  On  the  15th, 
16th,  17th,  18th,  and  19th  of  June,  1880,  was  held  an  extensive 
sale  of  timber  on  th6  estate  of  the  Duke  of  Portland,  at  Welbeck, 
Notts.  On  each  day  a  large  number  of  people  partook  of 
refreshments,  consisting  of  cold  boiled  ham,  roasted  beef,  and 
other  articles,  and  of  those  who  ate  a  large  number  were 
taken  ill.  Dr.  Ballard  was  able  to  obtain  a  more  or  less 
complete  record  of  seventy-two  cases.  On  the  other  hand,  an 
unknown  but  still  large  number  escaped  illness  altogether. 
The  cause  of  the  illness  was  traced  by  a  considerable  mass  of 
evidence  to  one  or  more  hams  eaten  as  sandwiches.  Of  the 
seventy-two  who  suffered,  sixty-five  were  males  and  only  seven 
females ;  some  were  attacked  severely,  and  some  slightly ;  four 
died,  and  coroner's  inquests  we're  held  on  two  as  to  the  cause  of 
death.  A  period  of  incubation  preceded  the  illness,  in  fifty-one 
cases  where  this  could  be  accurately  determined ;  it  was  twelve 
hours  or  less  in  five  cases;  between  twelve  and  thirty-six  hq,iirs 
in  thirty-four  cases;  between  thirty-six  and  forty-eight  hours 
in  eight  cases ;  and  later  than  this  only  in  four  cases. 

In  many  cases  the  first  definite  symptoms  occurred  suddenly, 
and  evidently  unexpectedly,  but  in  some  cases  there  were 
observed  during  the  incubation,  more  or  less  feeling  of  languor 
■or  ill-health,  loss  of  appetite,  nausea,  or  fugitive  griping  pains 
in  the  belly.  In  about  one-third  of  the  cases,  the  first  definite 
.symptom  was  a  sense  of  chilliness,  usually  with  rigors  or 
trembling,  and  in  one  case  accompanied  by  dyspnoea.  In  a  few 
•cases  the  premonitory  symptoms  were  giddiness  with  faintness, 
sometimes  accompanied  by  a  cold  sweat  and  tottering.  In 
others,  the  first  symptoms  were  headache  or  pain  somewhere 
m  the  front  of  the  body— e.c^.,  in  the  chest,  or  in  the  back 
between  the  shoulders,  or  in  the  abdomen,  to  which  part  the  pain, 

*  "On  an  Acute  Specific  Disease  characterised  by  a  peculiar  DiarrhcEa 
il^pidemic  among  Persons  who  had  partaken  of  Refreshments  provided  at 
a  Sale  on  the  Duke  of  Portland's  Estate  at  Welbeck,"  by  Dr.  Ballard. 
+>,?Vir''f'  °f  Cases  of  Acute  Specific  Disease  (similar  to  that  observed  in 
the  Welbeck  outbreak)  fo  lowing  the  eating  of  Hot-baked  Pork  purchased 
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wherever  it  might  have  commenced,  subsequently  extended.  In 
one  case,  the  first  symptom  noticed  was  a  difficulty  in  swallowing, 
m  two  cases  it  was  intense  thirst,  but,  however  the  attack  may 
have  commenced,  it  was  usually  not  long  before  pain  in  the 
abdomen,  diarrhoea,  and  vomiting  came  on,  diarrhoea  being  of 
more  certain  occurrence  than  vomiting.  Pain,  in  several  cases, 
commenced  in  the  chest  or  between  the  shoulders,  and  extended 
first  to  the  upper,  and  then  to  the  lower  part  of  the  abdomen. 
It  was  usually  very  severe  indeed,  quickly  producing  prostration 
or  faintness  with  cold  sweats,  and  was  variously  described  as 
"  crampy,"  "  burning,"  "  tearing,"  &c.  The  diarrhceal  discharges 
were,  in  some  cases,  quite  unrestrainable,  and,  where  a  description 
of  them  could  be  obtained,  were  said  to  have  been  exceedingly 
ofiensive,  and  usually  of  a  dark  colour.  Muscular  weakness  was 
an  early  and  very  remarkable  symptom  in  nearly  all  cases,  and 
in  many  was  so  great  that  the  patient  could  only  stand  by 
holding  on  to  something.  Headache,  sometimes  severe,  was  a 
common  and  early  symptom,  and  in  most  cases  there  was  thirst, 
often  intense  and  most  distressing.  The  tongue,  when  observed, 
was  described  usually  as  thickly  coated  with  a  brown  velvety 
fur,  but  red  at  the  tip  and  edges.  In  the  early  stage  the  skin 
was  often  cold  to  the  touch ;  but  afterwards  some  fever  set  in, 
the  temperature  rising  to  101°,  103°,  and  104°.  In  a  few  severe 
cases  where  the  skin  was  actually  cold,  the  patient  complained 
of  heat,  insisted  on  throwing  oS  the  bedclothes,  and  was  very 
restless.  The  pulse,  in  the  height  of  the  illness,  became  rapid, 
counting  in  some  cases  100  to  128.  The  above  were  the  symp- 
toms most  frequently  noted.  Other  symptoms  occurred,  however, 
some  in  a  few  instances,  and  some  in  only  solitary  cases — such 
as  excessive  sweating;  cramps  in  the  legs,  or  in  both  legs,  and 
arms ;  convulsive  flexion  of  the  hands  or  fingers ;  muscular 
twitchings  of  the  face,  shoulders,  or  hands ;  aching  pain  in  the 
shoulders,  joints,  or  extremities;  a  sense  of  stifihess  of  the  joints, 
prickling,  or  tingling,  or  numbness  of  the  hands,  lasting  far  into 
convalescence.  Again,  in  some  cases,  there  was  a  sense  of 
general  compression  of  the  skin,  together  with  drowsiness, 
hallucinations,  imperfection  of  vision,  and  intolerance  of  light.  In 
three  cases  (one,  that  of  a  medical  man),  there  was  observed 
yellowness  of  the  skin,  either  general  or  confined  to  that  of 
the  face  and  eyes.  In  one  case,  at  a  later  stage  of  illness, 
there  was  some  pulmonary  congestion,  and  an  attack  of  what 
was  regarded  as  gout.  In  the  fatal  cases,  death  was  pre- 
ceded by  collapse  like  that  of  cholera,  coldness  of  the  surface, 
pinched  features,  sunken  eyes,  and  blueness  of  the  fingers 
and  toes.     The  debility  of  convalescence  was  in  nearly  all 
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cases  protracted  by  several  weeks.  The  mildest  cases  -were 
characterised  usually  by  little  remarkable  beyond  the  following 
symptoms  : — Abdominal  pains,  vomiting,  diarrhoea,  thirst,  head- 
ache, muscular  weakness,  any  one  or  two  of  which  might  be 
absent.  In  three  out  of  the  four  fatal  cases  post-mortem  exami- 
nations were  made,  but  in  only  one  was  the  examination  at  all 
thorough.  In  all,  the  mucous  membrane  of  the  stomach  was 
highly  congested,  and  the  intestines  in  two  were  also  in  the 
same  state ;  the  lungs  in  one  case  were  soft  and  congested  from 
pneumonia  of  the  dying ;  in  another  they  were  not  examined ; 
and  in  a  third  case  there  was  congestion  of  the  left  lung.  The 
kidneys,  or  portions  of  them,  from  a  severe  case,  were  examined 
microscopically  by  Dr.  Klein,  who  discovered  evidences  of  paren- 
chymatous inflammation,  and  a  plugging  of  the  afferent  arterioles 
and  capillaries  of  the  malpighian  corpiiscles,  with  emboli  formed 
of  masses  of  bacilli.  Some  of  the  glomeruli  had  undergone  a 
total  or  partial  obliteration,  owing  to  a  degeneration,  at  first 
hyaline,  afterwards  fibrous,  of  the  capillaries.  Dr.  Klein  describes 
this  degeneration  as  of  exactly  the  same  nature  as  that  occurring 
in  scarlatinal  nephritis.  The  bacilli  found  were  in  the  state  of 
spore-formation. 

Some  of  the  ham  was  obtained  and  found  by  Dr.  Klein  to  con- 
tain a  species  of  bacillus  with  sporules  of  the  same.  The  bacillus 
threads  and  sporules  were  in  connection  with  the  muscular  fibre 
and  in  the  intermuscular  tissue.  Dr.  Klein  made  various 
experiments  on  animals  with  the  ham,  and  also  with  some  of  the 
bacillus-producing  material  after  cultivation  in  an  incubator. 
In  all  but  a  few  instances  this  produced  in  mice,  rats,  dogs, 
guinea-pigs,  and  other  animals  experimented  upon,  disease. 
The  morbid  condition  produced  in  the  animals,  and  found  on 
fost-mortem  examination,  was  most  uniformly  pneumonia;  in  one 
instance,  pleuritis  or  pulmonary  hypersemia ;  in  some,  hjsmor- 
rhage  into  the  pulmonary  tissue  was  observed.  In  one  there  was 
haemorrhage  into  the  tissue  of  the  liver,  and  the  organ  was  found 
enlarged.  In  some  the  spleen  was  found  enlarged  and  congested. 
In  three  instances  peritonitis,  slight  or  severe,  was  found.  Two 
dogs  fed  and  inoculated  with  the  cooked  ham,  and  killed  on  the 
eighth  day,  (one  having  suffered  from  colic  on  the  first  day  of 
feeding,)  exhibited  after  death  evidence  of  severe  desquamative 
hypera?mia,  or  inflammation  of  the  stomach  and  intestines,  the 
contents  of  Avhich  contained  bacilli  and  a  few  pus  corpuscles. 
Bacilli  were  found  in  the  blood  of  two  white  mice  which  died 
twenty-four  hours  after  being  fed  and  inoculated  with  bacteria 
Irom  the  raw  ham  ;  but  no  bacilli  were  discoverable  in  the  blood 
oi  two  other  mice  inoculated  with  this  blood,  although,  when 
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they  were  killed  on  the  second  and  third  days  respectively,  they 
were  both  found  to  have  severe  pneumonia,  with  enlarged  liver 
and  enlarged  congested  spleen.  Nor  were  bacilli  found  in  the 
blood  of  four  other  animals  in  which  they  were  sought  for  after 
death. 

§  589,  The  Nottingham  case  was  almost  as  remarkable.  The 
members  of  five  different  households,  fifteen  in  all,  were  taken 
ill  on  February  11th  and  12th.  All  the  persons  had  eaten  pork 
purchased  at  a  particular  shop,  and  one  of  the  sufferers  died. 
The  symptoms  differed  in  no  essential  respect  from  those  already 
•detailed  in  the  Welbeck  poisonings.  The  illness  lasted  several 
days,  and  left  behind  much  muscular  weakness.  An  abstract  of 
the  symptoms  suffered  by  the  man  who  died  is  as  follows  : — 

J.  0.,  aged  23,  a  painter  by  trade,  ate  some  pork  on  the 
evening  of  Friday,  February  11.  He  passed  a  good  night,  and 
went  to  his  work  at  8.30  a.m.,  as  usual.  At  2  p.m.,  (which  was 
probably  about  eighteen  hours  after  eating  the  pork)  he  com- 
plained of  feeling  sick,  and  was  purged  all  the  afternoon,  but  he 
passed  a  good  night.  The  next  day  he  could  eat  nothing,  was 
constantly  purged,  and  vomited,  rejecting  all  liquids;  there  was 
great  muscular  weakness  with  a  feeling  of  chilliness ;  he  passed  a 
bad  night,  and  the  next  day  (Monday)  complained  of  severe  pain 
in  the  abdomen  with  headache.  The  vomiting  and  diarrhoea 
continued.  His  skin  was  hot,  the  abdomen  tender,  and  the 
arms  and  legs  bent  and  twitching.  Later  in  the  day,  the 
face  was  swollen,  the  eyes  puffy,  the  skin  was  livid  in  patches, 
and  hot,  and  the  pulse  almost  imperceptible ;  the  legs  and  arms 
were  constantly  twitching,  and  he  repeatedly  and  suddenly  threw 
himself  from  side  to  side  "as  if  electricity  had  been  applied;"  he 
then  became  delirious.  On  Tuesday  he  died  at  2  p.m.,  about 
three  days  and  eighteen  hours  after  eating  the  pork. 

Post-mortem  Examination. — The  lungs  were  deeply  engorged 
and  non-crepitant;  very  little  liquid  followed  the  knife  on  section, 
but  a  little  dark  bloody  fluid  could  be  expressed  by  squeezing. 
There  was  redness  of  the  mucous  membrane  of  the  stomach  in 
patches,  and  also  some  slight  redness  of  the  jejunum;  the  kidneys 
were  apparently  healthy.  The  spleen  was  small  and  shrivelled, 
and  the  tissue  readily  broke  down  on  pressure.  Dr.  Klein  made 
microscopical  researches  into  the  kidneys,  blood,  liver,  mesentery, 
spleen,  and  other  parts.  His  results  are  summarised  by  Dr. 
Ballard,  thus: — 

1.  Bacilli,  similar  to  those  discovered  in  the  Welbeck . inquiry, 
were  found  in  varying  numbers  in  the  blood,  pericardial  fluid, 
jijice  expressed  from  the  lung,  in  the  air  vesicles  and  in  the  blood- 
vessels of  the  lung,  in  the  tissues  of  the  stomach  and  ileum,  in 
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the  spleen  within  and  around  its  large  vessels,  and  in  and  around 
the  vessels  of  the  kidney,  and  in  the  connective  tissue  between 
the  tubuli  of  the  renal  cortex. 

2.  The  capillary  vessels  of  the  glomeruli  of  many  of  the 
Malpighian  corpuscles  of  the  kidney  being  degenerated  into 
hyaline  or  fibrous  bands,  the  nuclei  of  the  glomeruli  being  in- 
creased ("glomerulo-nephrits") — some  of  the  tubuli  contorti  con- 
tained extra vasated  blood,  others  of  them  hyaline  casts. 

3.  There  were  htemorrhagic  infarctions  of  the  lung  tissue,  and 
bacilli  were  found  with  or  without  spores  amongst  the  blood, 
filling  the  air  vesicles  and  in  the  blood  vessels. 

4.  Inflammation  of  Peyer's  glands,  of  the  small  intestine,  and  a 
few  bacilli  in  the  submucous  tissue. 

5.  In  the  liver,  slight  interstitial  hepatitis. 

Guinea-pigs  inoculated  with  the  blood,  pericardial  exudation, 
and  lung  juice,  became  diseased.  Six  out  of  ten  animals  in- 
oculated died  spontaneously,  and  four  were  killed.  Pneumonia 
in  two,  accompanied  by  pulmonary  haemorrhage,  was  found 
after  death,  and  in  eight  of  the  ten  there  was  peritonitis; 
in  four  pleuritis  also;  and  in  two,  in  addition  to  pneumonia, 
there  was  enlargement  of  the  liver  and  spleen.  In  two  guinea-pigs 
inoculated  with  the  blood,  a  tumour  containing  purulent  matter 
developed  at  the  seat  of  inoculation.  Similar  results  followed 
the  inoculation  of  material  obtained  by  cultivation  of  the  blood 
and  lung  juice  in  the  incubator.  Bacilli  were  found  in  the  blood 
and  exudations  of  some  of  the  above  inoculated  animals,  as  well 
as  in  the  purulent  matter  in  the  tumours  found  in  two  of  them, 
as  above  described,  at  the  seat  of  inoculation. 


3.  Trichinosis. 

The  trichina  spiralis  is  a  minute  nematode  helminthe,  in  the 
shape  of  a  little  worm,  the  body  being  round  and  filiform.  The 
male  in  its  sexually  mature  state  only  measures  ^  inch,  while 
the_  female  measures  ^  inch.  The  mode  of  reproduction  is 
viviparous,  and  most  females  contain  from  three  to  five  hundred 
ova.  Their  power  of  multiplication  is  marvellous;  in  six  days 
the  female  parasites  will  contain  perfectly  developed  and  free 
embryos  m  the  interior,  and  these  pass  by  the  genital  outlet 
which  IS  placed  far  forward  at  about  the  end  of  the  first  fifth  of 
the  long  diameter  of  the  body;  the  new-born  young  commence 
almost  at  once  their  wandering.  They  penetrate  the  walls  of 
the  intestines,  and  pass  directly  through  the  abdominal  cavity 
into  the  muscles  of  their  bearers,  where,  if  conditions  are  favour- 
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able,  they  become  encysted,  the  cysts  appearing  like  small  round 
dots,  granules,  or  vesicles,  quite  distinct  from  the  red  muscle ; 
sometimes  the  cyst  calcifies.  In  the  interior  of  the  cyst  the 
trichina  is  rolled  up  in  a  spiral  form  (Fig.  16).  The  next  figure 
(Fig.  17)  shows  it  partially  uncoiled,  removed  from  the  cyst, 
and  further  magnified. 


Fig.  16.— (After  Virchow).      Fig.  17.— 100th  of  an  inch  x  300. 

Trichinaj  have  been  found  in  swine,  dogs,  badgers,  cats, 
horses,  oxen,  sheep,  eels,  pigeons,  and  moles. 

The  symptoms  of  trichinosis  can  hardly  be  confused  with  those 
of  poison,  but  the  disease  has  often  been  mistaken  for  typhoid 
fever;  there  is  a  certain  marked  interval  between  the  ingestion 
of  the  food  and  the  development  of  the  .illness;  there  is  no  case 
of  trichinosis  on  record  in  which  the  symptoms  may  be  described 
as  immediate;  in  all,  one  or  even  several  days  have  elapsed  before 
the  person  became  affected.  The  usual  course  is  one  of  gradual 
development,  there  is  weariness,  loss  of  appetite,  and  eventually 
febrile  phenomena;  then  follows  pain  in  the  muscles,  which  may 
simulate  rheumatism,  and  in  fatal  cases  may  be  very  severe; 
the  cause  of  death  is  various,  some  dying  from  pneumonia,  others 
from  exhaustion. 


5.  The  ProcUction  of  a  Ptomaine  or  some  Chemical  Poison  zn 
Albuminous  Substances. 

Several  cases  of  sausage  poisoning  belong  almost  beyond  a 
doubt  to  this  class— for  example,  the  remarkable  case  recorded  Oy 
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Dr.  Ballard.*  A  gardener,  aged  forty-two,  purchased,  on  March 
13,  1881,  half  a  pound  of  sausages ;  the  sausages  were  of  a  large 
description,  each  weighing  several  pounds,  and  similar  to  those 
commonly  sold  under  the  name  of  "  German  sausage."  Each 
sausage  was  imported,  packed  in  a  cylinder  of  tinned  iron,  the 
interval  between  the  sausage  and  the  cylinder  being  filled  with 
melted  fat ;  the  covers  of  the  cylinder  were  soldered  down.  The 
sausages  were  said  to  have  been  made  of  beef  About  11  a.m., 
he  ate  the  half-pound  of  sausages,  and  at  11.45  was  found  by  his 
son  lying  on  a  truss  of  hay  very  ill,  suffering  from  great 
abdominal  pain ;  he  had  vomited,  and  was  purged,  his  head  was 
hot,  his  face  flushed,  but  the  feet  were  cold,  and  he  complained 
alternately  of  heat  and  chilliness.  He  was  carried  home  in  the 
afternoon,  and  continued  during  the  evening  and  night  to  be 
purged  and  to  vomit.  A  medical  man  saw  him  in  the  course  of 
the  evening,  but  considered  that  he  was  sufiering  from  bronchitis ; 
he  had  at  the  time  a  pain  in  the  chest  and  cough,  and  the  sputa 
was  rusty  and  glutinous.  The  man  died  on  March  21,  eight 
days  after  eating  the  sausage,  the  breathing  becoming  more  and 
more  difficult.  ^To  coroner's  inquest  was  held.  Part  of  the 
sausage  was  obtained  and  submitted  to  Dr.  Klein,  who  gave  the 
following  report  of  the  experiments  which  he  made  : — 

The  sausages  were  marked  1,  2,  3,  4,  5,  6,  7,  S,  9.  No  9  was  the 
remains  of  the  sausage  which  the  gardener  had  partaken  of,  these  sausages 
were  used  for  feeding  animals — rabbits  and  mice  ;  while  some  samples  (Nos.  7 
and  5)  j)roved  innocuous,  others  (Nos.  6  and  8)  were  very  poisonous.  With 
No.  6  were  fed  twelve  mice  and  four  rabbits  ;  of  the  mice,  five  died  spon- 
taneously, three  after  twenty -four  hours,  and  two  after  sixty  hours ;  three 
were  killed  while  ill,  and  four  escaped  illness.  Of  the  rabbits,  one  died 
spontaneously  during  the  first  day,  one  during  the  second  day,  and  two 
others  were  killed  while  ill.  With  No.  8  were  fed  four  mice,  of  these  one 
died  spontaneously  after  eight  hours,  one  after  thirty  hours,  and  the  other 
two  after  twenty-four  hours.  On  March  26,  four  rabbits  and  four  mice 
were  fed  with  No.  9,  (the  sausage  the  man  had  partaken  of),  and  none  of 
these  animals  suffered  illness  ;  on  May  2,  however,  four  mice  were  fed  with 
it  and  became  ill,  but  they  had  recovered  perfectly  on  the  fifth  day.  In  aU 
instances  when  the  animal  became  ill,  the  illness  showed  itself  very  soon 
after  the  feeding— viz. ,  from  a  quarter  of  an  hour  to  several  hours,  the 
animals  became  very  quiet,  and  in  some  instances,  especially  in  the  rabbits 
there  was  vomiting  a  quarter  of  an  hour  after  feeding.  They  did  not  take 
their  food,  and  did  not  care  to  move,  their  faces  became  pinched,  and  their 
eyes  small.  In  the  case  of  the  mice,  their  coats  became  very  rough  ;  this 
state  soon  grew  worse,  the  animals  becoming  comatose.  The  temperature 
rapidly  sank,  and  the  animals  soon  died ;  in  some  cases  they  lingered  on 
for  several  days,  recovered  slightly,  took  food  again,  and  became  a  little 

*  On  a  case  of  "  Sausage  Poisoning  "  which  occurred  at  Arlford,  near 
GheHtev -Supplement  to  Eleventh  Annual  Report  of  the  Local  Government 
rSoard  for  1881. 
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more  lively ;  but  •when  killed  they  showed  the  same  post-mortem  appear- 
ances as  those  that  died  spontaneously,  only  in  a  milder  degree. 

On  j^ost-mortem  examination,  the  appearances  found  were  haemorrhages  in 
the  stomach,  congestion  of  the  lungs,  enlarged  kidneys,  the  cortex  of  the 
organ  being  pale,  the  medulla  hypersemic.  On  microscopical  examination  of 
the  kidney,  the  important  fact  was  ascertained,  that  most  of  the  urinary 
tubules  contained  casts,  that  many  malpighian  corpuscles  and  the  tissues 
surrounding  them  were  in  a  state  of  disintegration,  without,  however,  there 
being  present  any  inflammatory  cells  (pus  corpuscles),  so  that  the  disintegra- 
tion was  evidently  due  to  the  direct  result  of  some  destructive  agency 
acting  in  the  vessels  of  the  glomeruli  of  the  malpighian  corpuscles.  The 
result  of  these  experiments  was,  then,  in  a  high  degree  indicative  of  the 
presence  in  the  sausages  of  some  chemical  poison,  for  the  sudden  illness 
following  shortly  after  the  feeding,  the  vomiting,  the  hoemorrhage  in  the 
stomach,  and  the  condition  of  the  kidney  are  just  such  as  are  compatible 
only  with  that  assumption.  Consequently  part  of  sausage  No.  6,  which  had 
proved  very  poisonous  to  mice  and  rabbits,  was  forwarded  to  Dr.  Dupr^, 
and  he  prepared  from  it  (a.)  a  cold  alcoholic  extract,  and  (&.)  an  alkaloid  in 
an  impure  state.  Experiments,  however,  made  by  feeding  and  inoculation 
with  either  of  these  on  a  dog,  two  mice,  and  two  rabbits,  did  not  produce 
any  symptom  of  illness. 

It  is  to  be  noted  that  whatever  poison  the  sausage  contained 
must  have  been  distributed  unequally  through  the  mass,  and  it 
is  possible  that  the  chemical  expert,  although  he  had  part  of  a 
sausat^e  which  was  poisonous,  may  not  have  had  a  part  with 
the  particular  poison  in  it.  The  state  of  the  kidneys  in  the  mice 
fully  bears  out  Dr.  Ballard's  suggestion,  that  the  pneumonia  of 
the  patient  was  probably  dependent  on  the  renal  congestion.  At 
the  same  time,  the  case  affords  grounds  for  some  painful  suspicion 
that  a  few  of  the  cases  of  pneumonia  returned  from  country 
districts,  may  not  be  pneumonia,  but  the  result  of  poisoning,  for 
the  case  quoted  would  certainly  be  returned  as  death  from  one 
form  or  other  of  respiratory  affection. 

S  590  A  series  of  cases  may  be  picked  out  from  the  accounts 
of  sausage  poisoning  in  Germany,  all  of  which  evidently  depend 
upon  a  poison  producing  the  same  symptoms,  and  the  essentially 
distinctive  mark  of  which  is  extreme  dryness  of  the  skin  and 
mucous  membranes,  dilatation  of  the  pupil,  and  paralysis  of  the 
upper  eyelids  (ptosis).  In  an  uncertain  time  after  eating 
sausages  or  some  form  of  meat,  from  one  to  twenty-four  hours 
there  is  a  general  feeling  of  uneasiness,  a  sense  of  weight  about 
the  stomach,  nausea,  and  soon  afterwards  vomitmg,  and  very 
often  diarrhoea.  The  diarrhoea  is  not  severe,  -ver  assumes  a 
choleraic  form,  and  is  unaccompanied  by  cramps  in  ^^ej^^P^f  ^„ 
After  a  considerable  interval  there  is  marked  dryness  of  th^ 
mucous  membrane  (a  symptom  which  never  fa  ),  f  ^^^^^^ 
pharynx,  and  the  mouth  generally  seem  ^«*l^^\Ymf  thf  nasal 
secretion  ;  there  is  also  an  absence  of  perspiration,  the  nasal 
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mucous  membrane  participates  in  this  unnatural  want  of  secre- 
tion, the  very  tears  are  dried  up.  In  a  case  related  by  Kraatzer,* 
the  patient,  losing  a  son,  was  much  troubled,  but  wept  no  tear. 
This  dryness  leads  to  changes  in  the  mucous  membrane,  it 
shrivels,  and  partly  desquamates,  aphthous  swellings  may  occur, 
and  a  diffuse  redness  and  diptheritic-like  patches  have  been, 
noticed.  There  is  obstinate  constipation,  probably  from  a  dry- 
ness of  the  mucous  lining  of  the  intestines.  The  breath  has  an 
unpleasant  odour,  there  is  often  a  croupy  cough,  the  urinary 
secretion  alone  is  not  decreased  but  rather  augmented.  Swallow- 
ing may  be  so  difficult  as  to  rise  to  the  grade  of  aphagia,  and  the 
tongue  cannot  be  manipulated  properly,  so  that  the  speech  may 
be  almost  unintelligible.  At  the  same  time  marked  symptoms 
of  the  motor  nerves  of  the  face  are  present,  the  patient's  sight  is 
disturbed,  he  sees  colours  or  sparks  before  his  eyes;  in  a  few 
cases  there  has  been  transitory  blindness,  in  others  diplopia. 
The  pupil  in  nearly  all  the  cases  has  been  dilated,  also  in  excep- 
tional instances  it  has  been  contracted.  The  levator  -pcdpehrae 
stiperioris  is  paralysed,  and  the  resulting  ptosis  completes  the 
picture.  Consciousness  remains  intact  almost  to  death,  there  is 
excessive  weakness  of  the  muscles,  perhaps  from  a  general  paresis. 
If  the  patient  lives  long  enough,  he  gets  wretchedly  thin,  and' 
dies  from  marasmus.  In  more  rapidly  fatal  cases,  death  follows 
from  respiratory  paralysis,  with  or  without  convulsions. 

The  post-mortem  ap2Jearances  which  have  been  observed  are  

the  mucous  membranes  of  the  mouth,  gullet,  and  throat  are 
white,  hard,  and  parchment-like ;  that  of  the  stomach  is  more  or 
less  injected  with  numerous  htemorrhages ;  the  kidneys  are  some- 
what congested,  with  some  effusion  of  blood  in  the  tubuli  •  the 
spleen  is  large  and  very  full  of  blood,  and  the  lungs  are  often 
ojdematous,  pneumonic,  or  bronchitic. 


*  Quoted  by  Husemann.    Verpiftung  durch  Wnrstgi/t  (Maschka's  Hand- 
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§  591.  Oxalic  acid  is  very  widely  distributed  both  in  tbe  free 
state  and  in  combination  with  bases  throughout  the  vegetable 
kingdom,  and  it  also  occurs  in  the  animal  kingdom.  In  combi- 
nation with  potash  it  is  found  in  the  Geranium  acetosum  (L.), 
Spinacia  oleracea  (L.),  Phytolacca  decandra  (L.),  Rheum  palmatum 
(L).,  Rumex  acetosa,  Atropa  belladonna,  and  several  others;  in  com- 
bination with  soda  in  different  species  of  Salsola  and  Salicornia  ; 
and  in  combination  with  lime  in  most  plants,  especially  in  the 
roots  and  bark.  Many  lichens  contain  half  their  weight  of 
calcic  oxalate,  and  oxalic  acid,  either  free  or  combined,  is 
(according  to  the  observations  of  Hamlet  and  Plowright)  * 
present  in  all  mature  non-microscopic  fungi.  Crystals  of 
oxalate  of  lime  may  be  frequently  seen  by  the  aid  of  the 
microscope  in  the  cells  of  plants.  According  to  Schmidt  t  this 
crystallisation  only  takes  place  in  the  fully  mature  cell,  for  in 
actively  growing  cells  the  oxalate  of  lime  is  entirely  dissolved  by 
the  albumen  of  the  plant.  , 

In  the  animal  kingdom  oxalic  acid  is  always  present  m  the 
intestinal  contents  of  the  caterpillar.  In  combination  with  lime 
it  is  constantly  found  in  the  allantois  liquor  of  the  cow,  the  urme 
of  man,  swine,  horses,  and  cats.  With  regard  to  human  urme, 
the  presence  or  absence  of  oxalate  of  lime  greatly  depends  upon 
the  diet,  and  also  upon  the  individual,  some  persons  almost 
invariably  secreting  oxalates  whatever  their  food  may  be. 

^  592.  Oxalic  Acid,  H,0 A2H,O(90  +  36),  specific  gravity 
1-64  occurs  in  commerce  in  prismatic  crystals,  very  similar  to, 
and  liable  to  be  mistaken  for,  either  magnesic  or  zmcic  sulphates 
The  crystals  are  intensely  acid,  easily  soluble  m  water  (1  part 
requiring  at  14-5°  10-46  parts  of  water);  they  are  also jolub  e 
in  2i  parts  of  cold,  and  readily  m  boiling,  alcohol.  Oxalic  acid 
is  sUghtly  soluble  in  cold  absolute  ether;  but  ether,  although 

*  Ghem.  News,  vol.  xxxvi.,  p.  93. 

t  Ann.  Chem.  Pharm.,  vol.  Ixi.,  p.  297. 
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extracting  most  organic  acids  from  an  aqueous  solution,  will 
not  extract  oxalic  acid. 

Oxalic  acid  sublimes  slowly  at  100°,  but  rapidly  and  com- 
pletely at  150°;  the  best  means  of  obtaining  the  pure  anhydride, 
is  to  put  a  sufficient  quantity  of  the  acid  into  a  strong  flask, 
clamp  it  by  suitable  connections  to  the  mercury  pump  described 
at  page  53,  and  sublime  in  a  vacuum ;  in  this  way  a  sufficient 
quantity  may  be  sublimed  a  little  above  100°.  It  is  well  to 
remember,  not  only  its  low  subliming  temperature,  but  also 
that  an  aqueous  solution,  if  kept  at  100°,  loses  acid ;  hence  all 
■evaporating  or  heating  operations  must  not  exceed  98°,  or  there 
will  be  some  loss.  The  effect  of  heat  is  first  to  drive  off  water, 
then,  if  continued  up  to  about  190°,  there  is  decomposition  into 
carbon  oxide,  dioxide,  water,  and  formic  acid ;  the  two  reactions 
■occurring  simultaneously — 

OgHgO^  =  OO2  +  00  +  HgO. 
O2H2O,  =  CO2  +  OH2O2. 

_  Heated  with  sulphuric  acid  to  110°,  the  following  decomposi- 
tion takes  place : — 

H2O2O4  =  H2O  +  CO2  -1-  CO. 

■Oxalic  acid  decomposes  fluor  spar,  the  phosphates  of  iron,  silver, 
zinc,  copper,  and  the  arseniates  of  iron,  silver,  and  copper.  It 
may  be  used  to  separate  the  sulphides  of  iron  and  manganese 
from  the  sulphides  of  zinc,  cadmium,  uranium,  cobalt,  mercury, 
and  copper— dissolving  the  former,  not  the  latter.  Many  minerals 
and  other  substances  are  also  attacked  by  this  acid. 

If  a  solution  of  oxalic  acid  in  water  is  boiled  with  ammonio 
or  sodio  terchloride  of  gold  (avoiding  direct  exposure  to  light) 
the  gold  is  precipitated— 

2AUOI3  +  3H2O2O4  =  6OO2  +  6HC1  +  Aug. 

"When  black  oxide  of  manganese  (free  froip  carbonate)  is  mixed 
with  an  oxalate,  and  treated  with  dilute'  sulphuric  acid,  the 
oxalic  acid  is  decomposed,  and  carbon  dioxide  evolved  

Mn02  +  H2O2O,  +  H2SO4  =  MnSO,  +  211,0  +  200,. 

A  similar  reaction  occurs  with  permanganate  of  potash 
If  to  a  solution  of  oxalic  acid,  which  may  be  neutralised 
with  an  alkali,  or  may  contain  free  acetic  acid,  a  solution  of 
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acetate  of  lime  be  added,  oxalate  of  lime  is  thrown  down. 
This  salt,  important  in  an  analytical  point  of  view,  it  will  be 
well  to  describe. 

§  593.  _  Oflsato  of  Lime  (CaOgO^HoO),  1  part  =-863  crystallised 
oxalic  acid.  This  is  the  salt  which  the  analyst  obtains  for  the 
quantitative  estimation  of  lime  or  oxalic  acid ;  it  is  not  identical 
with  that  occurring  in  the  vegetable  kingdom,  the  latter  con- 
taining SHgO.  Oxalate  of  lime  cannot  be  precipitated  for 
..quantitative  purposes  from  solutions  containing  chromium, 
aluminium,  or  ferric  iron,  since  somewhat  soluble  salts  are 
formed.  It  dissolves  in  solutions  of  magnesium  and  manganese,* 
and  citrate  of  soda,  and  is  also  decomposed  by  boiling  with 
solutions  of  copper,  silver,  lead,  cadmium,  zinc,  nickel,  cobalt, 
strontium,  or  barium.  It  is  insoluble  in  solutions  of  chlorides 
of  the  alkalies  and  alkaline  earths,  and  in  water,  in  alkaline 
solutions,  or  in  acetic  acid ;  and  is  soluble  in  mineral  acid  only 
when  the  acid  is  strong  and  in  considerable  excess.  It  is  unalter- 
able in  the  air,  and  at  100°.  When  carefully  and  slowly  ignited 
it  may  be  wholly  converted  into  carbonate  of  lime ;  if  the  heat 
is  not  properly  managed  (that  is,  if  excessive),  caustic  lime  may 
be  formed  in  greater  or  smaller  quantity. 

§  594.  Use  in  the  Arts. — Oxalic  acid  is  chiefly  used  by  dyers 
and  calico-printers,  but  also  by  curriers  and  harness-makers  for 
cleaning  leather,  by  marble  masons  for  removing  iron  stains,  by 
workers  in  straw  for  bleaching,  and  it  is  applied  to  various 
household  purposes,!  siich  as  the  whitening  of  boards,  the  remov- 
ing of  iron-mould  from  linen,  &c.  The  hydropotassic  oxalate 
(binoxalate  of  potash)  under  the  popular  names  of  "essential 
salt  of  lemons,"  and  salts  of  sorrel,  is  used  for  scouring  metals  and 
for  removing  ink-stains  from  linen. 

§  595.  Hydropotassic  Oxalate,  Binoxalate  of  Potash,  KHOgO^ 
(HgO),  is  a  white  salt,  acid  in  reaction,  soluble  in  water,  and 
insoluble  in  alcohol.  Heated  on  platinum  foil  it  leaves  potassic 
carbonate,  which  may  be  recognised  by  the  usual  tests.  Its 
aqueous  solution  gives,  with  a  solution  of  acetate  or  sulphate 
of  lime,  a  precipitate  of  calcic  oxalate  insoluble  in  acetic 
acid. 

§  596.  Statistics.— Poisoning  by  oxalic  acid  is  more  frequent  m 
England  than  in  any  other  European  country.  In  the  five  years 
1875-80,  there  were  registered  in  England  74  deaths  from  oxalic 
acid— of  these  65,  or  87-8  per  cent.,  were  suicidal,  the  remainder 
accidental.  Of  the  74  deaths,  41  were  males  and  33  females— 1  was 

*  But  it  is  reprecipitatecl  unaltered  by  excess  of  alkaline  oxalate, 
t  A  "Liquid  Blue,"  used  for  laundry  purposes,  contains  mucJi  tree 
oxalic  acid. 
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a  child  between  5  and  10  years  of  age,  3  were  between  15  and 
20,  7  between  20  and  25,  6  between  25  and  35,  39  between  35 
and  55,  and  18  between  55  and  75. 

§  597.  Fatal  Dose. — The  smallest  dose  of  oxalic  acid  known  to 
have  destroyed  life  is,  according  to  Dr.  Taylor,  3-88  grms.  (60 
grains) ;  but  recovery  has  taken  place,  on  prompt  administration 
of  remedies,  after  eight  times  this  quantity  had  been  swallowed. 

With  regard  to  oxalate  of  soda,  or  binoxalate  of  potash,  14"2 
grms.  (half  an  ounce)  have  been  taken  without  fatal  result, 
although  the  symptoms  were  very  serious ;  and  it  may  be  held 
that  about  that  quantity  would  usually  cause  death.  Oxalic  acid 
is  not  used  in  medicine. 

§  598.  Effects  of  Oxalic  Acid  and  Oxalates  on  Animals. — The 
first  cases  of  poisoning  by  oxalic  acid  occurred  early  in  the  nine- 
teenth century,  a  little  more  than  fifty  years  after  its  discovery. 
Thompson*  was  the  first  who  attempted  by  experiment  on 
animal  life  to  elucidate  the  action  of  the  poison ;  he  noted  the 
caustic  action  on  the  stomach,  and  the  effects  on  the  heart  and 
nervous  system,  Avhich  he  attributed  simply  to  the  local  injury 
through  the  sympathetic  nerves.  Orfilaf  was  the  next  who  took 
the  matter  up,  and  he  made  several  experiments ;  but  it  was 
Robert  Ohristison  %  who  distinctly  recognised  the  important  fact 
that  oxalic  acid  was  toxic,  quite  apart  from  any  local  effects,  and 
that  the  soluble  oxalates,  such  as  sodic  and  potassic  oxalates, 
were  violent  poisons. 

§  599.  Robert  and  Kiissner§  made,  two  or  three  years  ago, 
some  very  extended  researches  on  the  effects  of  sodic  oxalate  on 
rabbits,  cats,  dogs,  guinea-pigs,  hedgehogs,  frogs,  &c. — the  chief 
results  of  which  are  as  follows  : — On  injection  of  sodic  oxalate 
solution  in  moderate  doses  into  the  circulation,  the  heart's  action,  / 
and,  therefore,  the  pulse  become  arhythmic ;  and  a  dicrotic  or 
tricrotic  condition  of  the  pulse  may  last  even  half  a  day,  while  at 
the  same  time  the  frequency  may  be  uninfluenced.  The  blood-  ' 
pressure  also  with  moderate  doses  is  normal,  and  with  small 
atoxic  doses  there  is  no  slowing  of  the  respiration.  On  the 
other  hand,  toxic  doses  paralyse  the  respiratory  apparatus,  and 
the  animal  dies  asphyxiated.  With  chronic  and  subacute  poison- 
ing the  respiration  becomes  slower  and  slower,  and  then  ceases 
from  paralysis  of  the  respiratory  muscles.  The  first  sign  of 
poisoning,  whether  acute  or  chronic,  is  a  sleepy  condition  f  dogs 
he  quiet,  making  now  and  then  a  noise  as  if  dreaming,  mechani- 

*  Land.  Med.  Rep.,  vol.  iii.,  p.  382. 

t  Traite  de  Toxicologie. 

+  Edin.  Med.  andSurq.  Journ.,  1823. 

§  JUxper.  Wirhmcjen  der  Oxalsaure,  Virch.  Archiv,  Bd.  Ixxvii.,  S.  209. 
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cal  irritations  are  responded  to  with  dullness.  The  hind  ex- 
tremities become  weak,  and  then  the  fore.  This  paresis  of  the 
hind  extremities,  deepening  into  complete  paralysis,  was  very 
constant  and  striking.  Take,  for  example,  from  the  paper  {0}-). 
cit.)  the  experiment  in  which  a  large  cat  received  in  six  days 
five  subcutaneous  injections  of  5  cc.  of  a  solution  of  sodic  oxalate 
(strength  1  :  30),  equalling  -16  grm.  j  the  cat  died,  as  it  were, 
gradually  from  behind  forwards,  so  that  on  the  sixth  day  the 
hinder  extremities  were  fully  motionless,  and  without  feeling. 
The  heart  beat  strongly.  The  temperature  of  the  poisoned 
animal  always  sinks  below  the  normal  condition.  Convulsions 
in  acute  poisoning  are  common,  in  chronic  quite  absent ;  when 
present  in  acute  poisoning,  they  are  tetanic  or  strychnic- 
like.  In  all  the  experiments  of  Robert  and  Kiissner,  lethal 
doses  of  soluble  oxalates  caused  the  appearance  of  sugar  in 
the  urine. 

J.  Uppmain  *  made  forty-nine  experiments  on  dogs,  in  which 
he  administered  relatively  large  doses  by  the  stomach ;  no 
poisonous  effect  followed.  Emil  Pfeiffer  f  gave  a  dog  in  three 
successive  days  "2,  -5,  and  lastly  1  grm.  oxalic  acid  with  meat,  but 
no  symptoms  resulted.  Yet  that  oxalic  acid,  as  sodic  oxalate,  is 
poisonous  to  dogs,  if  it  once  gets  into  the  circulation,  cannot  be 
disputed.  The  accepted  explanation  is  that  the  large  amount  of 
lime  phosphates  in  the  digestive  canal  of  dogs  is  decomposed  by 
oxalic  acid,  and  the  harmless  lime  oxalate  formed. 

Oxalic  acid  is  absorbed  into  the  blood,  and  leeches  have  been 
known  to  die  after  their  application  to  a  person  who  had  taken 
a  large  dose.  Thus  Ohristison  %  quotes  a  case  related  by  Dr. 
Arrowsmith,  in  which  this  occurred  — "  They  were  healthy,  and 
fastened  immediately;  on  looking  at  them  a  few  minutes  after,  J. 
remarked  that  they  did  not  seem  to  fill,  and  on  touching  one  it 
felt  hard,  and  instantly  fell  off"  motionless  and  dead ;  the  others 
were  in  the  same  state.  They  had  all  bitten,  and  the  marks  were 
conspicuous,  but  they  had  drawn  scarcely  any  blood.  They  were 
applied  about  six  hours  after  the  acid  had  been  taken." 

§  600.  Effects  of  Vaporised  Oxalic  ^cic^.— Eulenberg  has  ex- 
perimented by  pigeons  on  the  action  of  oxalic  acid  when  breathed. 
In  one  of  his  experiments,  -75  grm.  of  the  acid  was  volatilised 
into  a  glass  shade,  in  which  a  pigeon  had  been  placed ;  after  this 
had  been  done  five  times  in  two  minutes,  there  was  uneasiness, 
shakinf^  of  the  head,  and  cough,  with  increased  mucous  secretion 


*  Allg.  Med.  Central  Ztg.,  1877, 

t  Archiv  der  Pharm.  (3  R.),  Bd.  xiii.,  S.  644,  1878. 

±  "  Treatise  on  Poisons." 
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of  the  nasal  membrane.  On  continuing  the  transmission  of  the 
vapour,  after  eight  minutes  there  was  again  restlessness,  shaking 
of  the  head,  and  cough ;  after  eleven  minutes  the  bird  fell  and 
was  convulsed.  On  discontinuing  the  sublimation,  it  got  up  and 
moved  freely,  but  showed  respiratory  irritation.  On  the  second 
day  after  the  experiment,  it  was  observed  that  the  bird's  note 
was  hoarse,  on  the  fourth  day  there  was  slowness  of  the  heart's 
action  and  refusal  of  food,  and  on  the  sixth  day  the  bird  was 
found  dead.  Examination  after  death  showed  slight  injection  of 
the  cerebral  membranes ;  the  cellular  tissue  in  the  neighbourhood 
of  the  trachea  contained  in  certain  places  extravasations  of  blood, 
varying  from  the  size  of  a  pea  to  that  of  a  penny ;  the  mucous 
membrane  of  the  larynx  and  trachea  was  swollen  and  covered 
with  a  thick  croupous  layer ;  the  lungs  were  partially  hepatised, 
and  the  pleura  thickened ;  the  crop  as  well  as  the  true  intestines 
still  contained  some  food.* 

§  601.  The  affects  of  Oxalic  Acid  and  Hydropotassic  Oxalate 
on  Man. — The  cases  of  oxalic  poisoning  have  been  invariably 
due  to  either  oxalic  acid  or  hydropotassic  oxalate,  the  neutral 
sodic  or  potassic  oxalates  having  hitherto  in  no  instance 
been  taken.  The  symptoms,  and  even  the  locally  destructive 
action  of  oxalic  acid  and  the  acid  oxalate,  are  so  similar  that 
neither  from  clinical  nor  post-mortem  signs  could  they  be 
differentiated  by  anyone  not  having  a  previous  knowledge  of  the 
case. 

The  external  application  of  oxalic  acid  does  not  appear  to 
cause  illness ;  workmen  engaged  in  trades  requiring  the  constant 
use  of  the  acid  often  have  the  nails  white,  opaque  and  brittle ; 
but  no  direct  injury  to  health  is  on  record. 

A  large  dose  of  either  causes  a  local  and  a  remote  effect ;  the 
local  is  very  similar  to  that  already  described  as  belonging  to 
the  mineral  acids — i.e.,  more  or  less  destructive  of  the  mucous 
membranes  with  which  the  acid  comes  in  contact.  The  remote 
effects  may  only  be  developed  after  a  little ;  they  consist  essen- 
tially of  a  profound  influence  on  the  nervous  system.  Though 
more  than  120  cases  of  oxalic  acid  poisoning  have  occurred  since 
Christison  wrote  his  treatise;  his  graphic  description  still  holds 
good.  "  If,"  says  he,  "  a  person  immediately  after  swallowin<^  a 
solution  of  a  crystalline  salt,  which  tasted  purely  and  strongly 
acid,  IS  attacked  with  burning  in  the  throat,  then  with  burnmo- 
m  the  stomach,  vomiting,  particularly  of  bloody  matter,  imper"- 
ceptible  pulse,  and  excessive  languor,  and  dies  in  half  an  hour  or 
still  more,  m  twenty,  fifteen,  or  ten  minutes,  I  do  not  know 


*  Gewerbe  Hygiene,  p.  423. 
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any  fallacy  which  can  interfere  with  the  conclusion  that  oxalic 
acid  was  the  cause  of  death.  ISTo  parallel  disease  begins  so 
abruptly,  and  terminates  so  soon ;  and  no  other  crystalline  poison 
has  the  same  effect."  The  local  action  is  that  of  a  solvent  on  the 
mucous  tissues.  If  from  10  to  30  grms.  are  swallowed,  dissolved 
in  water,  there  is  an  immediate  sour  taste,  pain,  burning  in  the 
stomach,  and  vomiting.  The  vomit  may  be  colourless,  greenish, 
or  black,  and  very  acid ;  but  there  is  a  considerable  variety  in 
the  symptoms.  The  variations  may  be  partly  explained  by 
saying  that,  in  one  class  of  cases,  the  remote  or  true  toxic  effects 
of  the  poison  predominate ;  in  a  second,  the  local  and  the  nervous 
are  equally  divided ;  while  in  a  third,  the  local  effects  seem  alone 
to  give  rise  to  symptoms. 

In  a  case  at  Guy's  Hospital,  in  1842,  there  was  no  pain,  but 
vomiting  and  collapse.  In  another  case  which  occurred  in  1870, 
a  male  (aged  forty-eight)  took  10-4  grms.  (162  grains),  he  had 
threatening  collapse,  cold  sweats,  white  and  red  patches  on  the 
tongue  and  pharynx,  difficulty  in  swallowing,  and  contracted 
pupils.  Blood  was  effused  from  the  mouth  and  anus ;  on  the 
following  day  there  were  convulsions,  coma,  and  death  thirty-six 
hours  after  taking  the  poison.  In  another  case,  there  was  rapid 
loss  of  consciousness  and  coma,  followed  by  death  in  five  hours. 
Death  may  be  very  rapid — e.g.,  in  one  case  {Med.  Times  and  Gaz., 
1868)  it  took  place  in  ten  minutes ;  there  was  bleeding  from  the 
stomach,  which  doubtless  accelerated  the  fatal  result,  Orfila 
has  recorded  a  death  almost  as  rapid  from  the  acid  oxalate  of 
potash;  a  woman  took  15  grms. ;  there  was  no  vomiting,  but  she 
suffered  from  fearful  cramps,  and  death  ensued  in  fifteen  minutes. 
In  another  case,  also  recorded  by  Orfila,  there  was  marked  slowing 
of  the  pulse,  and  soporific  tendencies.  With  both  oxalic  acid  and 
the  acid  oxalate  of  potash,  certain  nervous  and  other  sequelae  are 
more  or  less  constant,  always  provided  time  is  given  for  their 
development.  From  the  experiments  already  detailed  on 
animals,  one  would  expect  some  paresis  of  the  lower  extremities, 
but  this  has  not  been  observed  in  man.  There  is  more  or  less 
inflammation  of  the  stomach,  and  often  peritonitis ;  in  one  case 
{Brit.  Med.  Journal,  1873)  there  were  cystitis  and  acute  con- 
gestion of  the  kidneys  with  albuminuria. 

In  two  cases  quoted  by  Taylor,  there  was  a  temporary  loss  or 
enfeeblement  of  voice ;  in  one  of  the  two,  the  aphonia  lasted  for 
eight  days.  In  the  other,  that  of  a  man  who  had  swallowed 
about  7  grms.  (i  oz.)  of  oxalic  acid,  his  voice,  naturally  deep, 
became  in  nine  hours  low  and  feeble,  and  continued  so  for  more 
than  a  month,  during  the  whole  of  which  time  he  suffered  in 
addition  from  numbness  and  tingling  of  the  legs.    As  a  case  ot 
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extreme  rarity  may  be  mentioned  that  of  a  young  woman,*  who 
took  12  grms.  (185  grains)  of  the  acid  oxalate  of  potash,  and  on 
the  third  day  died ;  before  death  exhibiting  delirium  so  active 
and  intense  that  it  was  described  as  "  madness." 

§  602.  Physiological  Action. — Putting  on  one  side  the  local 
effects  of  oxalic  acid,  and  regarding  only  its  true  toxic  effects, 
there  is  some  difference  of  opinion  as  to  its  action.  L.  Hermann 
considers  it  one  of  the  heart  poisons,  having  seen  the  frog's  heart 
arrested  by  subcutaneous  doses  of  sodic  oxalate,  an  observation 
which  is  borne  out  by  the  experiments  of  Oyon,t  and  not  negatived 
by  those  of  Kobert  and  Kiissner.  The  poison  is  believed  to  act 
on  the  extracardial  ganglia.  OnsumJ  held  at  one  time  a  peculiar 
theory  of  the  action  of  oxalic  acid,  believing  that  it  precipitated 
as  oxalate  of  lime  in  the  lung  capillaries,  causing  embolic  obstruc- 
tion ;  but  this  view  is  not  now  accepted— there  are  too  many 
obvious  objections  to  it.  Kobert  and  Kiissner  do  not  consider 
oxalic  acid  a  heart  poison,  but  believe  that  its  action  is  directed 
to  the  central  nervous  system,  as  attested  by  sinking  of  the  blood- 
pressure,  the  arhythm  and  retardation  of  the  pulse,  the  slow 
breathing,  and  the  paralytic  symptoms. 

§  603.  Pathological  Changes. — Kobert  and  Kiissner  observed  that 
when  oxalate  of  soda  was  subcutaneously  injected  into  animals, 
there  was  often  abscess  and  even  gangrene,  at  the  seat  of  the 
injection.  If  the  poison  were  injected  into  the  peritoneal  cavity, 
death  was  so  rapid  as  to  leave  little  time  for  any  coarse  lesions 
to  manifest  themselves.  They  were  not  able  to  observe  a  cherry- 
red  colour  of  the  blood,  nor  did  they  find  oxalate  of  lime  crystals 
in  the  lung  capillaries ;  there  were  often  embolic  processes  in  the 
lung,  but  nothing  typical.  They  came,  therefore,  to  the  conclu- 
sion that  the  state  of  the  kidneys  and  the  urine  was  the  only 
typical  sign.  The  kidneys  were  dark,  full  of  blood,  but  did  not 
show  any  microscopic  hasmorrhages.  Twelve  hours  after  taking 
the  poison  there  is  observed  in  the  cortical  substance,  a  fine 
striping  corresponding  to  the  canaliculi ;  in  exquisite  cases  the 
whole  boundary  layer  is  coloured  white.  If  the  poisoning  lasts 
a  longer  time,  the  kidneys  becomes  less  blood-rich,  and  show  the 
described  white  striping  very  beautifully  j  this  change  persists 
several  weeks.  The  cause  of  this  strange  appearance  is  at  once 
revealed  by  a  microscopical  examination ;  it  is  due  to  a  deposition 

*  Journ.  de.  Chim.  Med.,  1839,  p.  564. 
+  Virch.  ArcJiiv,  Bd.  xx.,  S.  233. 

t  Almen  afterwards  supported  Onsum's  view ;  he  made  a  number  of 
microscopical  observations,  and  appears  to  have  been  the  first  who  identified 
oxalate  of  lime  in  the  kidueys  (Upsala,  Lakarel  forennings  Ferhan  Bd  ii 
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of  oxalate  of  lime ;  no  crystals  are  met  with  in  the  glomerules. 
hj  not  alone  the  microscope,  but  also  by  chemical  means,  it 
may  be  shown  that  the  content  of  the  kidney  in  oxalates  is- 
large._  The  urine  was  always  albuminous  and  contained  a 
reducing  substance,  which  vanished  about  the  second  day  after 
the  dose.  Hyaline  casts  and  deposits  of  oxalates  in  the  urine 
never  failed,  t 

§  604.  Observations  of  the  pathological  effects  of  the  oxalates, 
on  man  have  been  confined  to  cases  of  death  from  the  corrosive 
substances  mentioned,  and  hence  the  intestinal  tract  has  been 
profoundly  affected. 

In  the  museum  of  St.  Thomas'  Hospital  is  a  good  example  of 
the  effects  produced.  The  case  was  that  of  a  woman  who  had 
taken  a  large,  unknown  quantity  of  oxalic  acid,  and  was  brought 
to  the  hospital  dead.  The  mucous  membrane  of  the  gullet  is 
much  corrugated  and  divided  into  numerous  parallel  grooves, 
these  again  by  little  transverse  grooves,  so  that  the  intersection 
of  the  two  systems  makes  a  sort  of  raised  pattern.  It  is  noted 
that  in  the  recent  state,  the  mucous  membrane  could  be  removed 
in  flakes ;  in  the  upper  part  it  was  whitish,  in  the  lower  slate- 
coloured.  The  stomach  has  a  large  perforation,  but  placing  the 
specimen  beside  another  in  the  same  museum  which  illustrates 
the  effect  of  the  gastric  juice,  in  causing  an  after-death  solution 
of  a  portion  of  the  stomach,  I  was  unable  to  differentiate  be- 
tween the  two.  The  mucous  membrane  had  the  same  shreddy 
flocculent  appearance,  and  is  soft  and  pale.  The  pyloric  end  is 
said  to  have  been  of  a  blackish  colour,  and  no  lymph  was  exuded. 

§  605.  The  pathological  changes  by  the  acid  oxalate  of  potash 
are  identical  with  these  of  oxalic  acid,  in  both  the  gullet  and 
stomach  being  nearly  always  more  or  less  inflamed  or  corroded ;  the 
inflammation  in  a  few  cases  has  extended  right  through  into  the 
intestinal  canal ;  there  are  venous  hyper8emia,'hEemorrhages,  and 
swelling  of  the  mucous  membrane  of  the  stomach.  The  haemor- 
rhages are  often  punctiform,  but  occasionally  larger,  arranged  in 
rows  on  the  summits  of  the  rugte  ;  sometimes  there  is  considerable 
bleeding.     In  the  greater  number  of  cases  there  is  no  actual 

*  The  important  fact  of  the  oxalate-content  of  kidneys  and  urine,  and 
the  expulsion  of  casts,  was  first  observed  by  Mitscherlich  in  1854.  He 
noticed  in  a  rabbit,  to.  which  had  been  given  7 '5  grms.  of  oxalic  acid,  and 
which  had  died  in  thirteen  minutes,  "renes  paulutum  magis  sanguine 
replete  videhanUir  in  urina  multa  corpora  inveiiiebantur  qua  hihulos  Belleni- 
anos  explese  videntur"  (De  acidi  acetici,  oxalici,  tartarici,  citrici,  formici,  et 
boracici,  (be.,  Berlin). 

+  Eabuteau  has  discovered  by  experiment  that  even  the  oxalates  of  iron 
and  copper  are  decomposed  and  separated  by  the  kidneys.  Gaz.  Mid.  de 
Paris,  1874. 
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erosion  of  the  stomach,  but  the  inner  layer  appears  abnormally- 
transparent.  On  examining  the  mucous  membrane  under  the 
microscope,  Lesser*  has  described  it  as  covered  with  a  layer  which 
strongly  reflects  light,  and  is  to  be  considered  as  caused  by  a  fine 
precipitate  of  calcic  oxalate.  Lesser  was  unable  to  find  in  any 
case  oxalic  acid  crystals,  or  those  of  the  acid  oxalate  of  potash. 
There  are  many  cases  of  perforation  on  record,  but  it  is  ques- 
tionable whether  they  are  not  all  to  be  regarded  as  post-mortem 
efiects,  and  not  life-changes ;  at  all  events,  there  is  little  clinical 
evidence  to  support  the  view  that  these  perforations  occur  during 
life.  In  the  case  (mentioned  «nie),  in  which  death  took  place 
by  coma,  the  brain  was  hypersemic.  The  kidneys,  as  in  the  case 
of  animals,  show  the  white  zone,  and  are  congested,  and  can  be 
proved  by  microscopical  and  chemical  means  to  be  rich  in 
oxalates. 

§  606.  Separation  of  Oxalic  Acid  from  Organic  Substances, 
the  Tissues  of  the  Body,  (Lx. — From  what  has  been  stated,  no 
investigation  as  to  the  cause  of  poison,  when  oxalic  acid  is 
suspected,  can  be  considered  complete,  unless  the  analyst  has 
an  opportunity  of  examining  both  the  urine  and  the  kidneys ; 
for  although,  in  most  cases — when  the  acid  itself,  or  the  acid 
potassic  salt  has  been  taken — there  may  be  ample  evidence,  both 
chemical  and  pathological,  it  is  entirely  different  if  a  case  of 
poisoning  with  the  neutral  sodic  salt  should  occur.  In  this, 
event,  there  may  be  no  congested  appearance  of  any  portion  of 
the  intestinal  canal,  and  the  evidence  must  mainly  rest  on  the- 
urine  and  kidneys, 

Oxalic  acid  being  so  widely  distributed  in  the  vegetable 
kingdom,  the  expert  must  expect,  in  any  criminal  case,  to  be 
cross-examined  by  ingenious  counsel,  as  to  whether  or  not  it  was- 
possible  that  the  acid  could  have  entered  the  body  in  a  rhubarb- 
pie,  or  accidentally  through  sorrel  mixed  with  greens,  &c. 
To  meet  these  and  similar  questions  it  is  important  to  identify, 
if  possible,  any  green  matters  found  in  the  stomach.  In  any 
case  It  must  be  remembered,  that  although  rhubarb  has  been 
eaten  for  centuries,  and  every  schoolboy  has  occasionally  chewed 
smaU  portions  of  sorrel,  no  poisoning  has  resulted  from  these 
practices.  When  oxalic  acid  has  been  taken  into  the  stomach 
it  will  invariably  be  found  partly  in  combination  with  lime' 
soda,  ammonia,  &c.,  and  partly  free  ;  or  if  such  antidotes  as  chalk 
has  been  administered,  it  may  be  wholly  combined.  Vomitino- 
is  nearly  always  present,  and  valuable  evidence  of  oxalic  acid 
may  be  obtained  from  stains  on  sheets,  carpets,  &c.    In  a  recent 

*  Virchow's  Archiv,  Bd.  Ixxxiii.,  S.  218,  18S1. 
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case  of  probably  suicidal  poisoning,  the  writer  found  no  oxalic 
acid  in  the  contents  of  the  stomach,  but  some  was  detected  in 
the  copious  vomit  which  had  stained  the  bed-clothes.  The  urine 
also  contained  a  great  excess  of  oxalate  of  lime — a  circumstance 
of  little  value  taken  by  itself,  but  confirmatory  with  other 
evidence.  If  a  liquid  is  strongly  acid,  oxalic  acid  may  be 
separated  by  dialysis  from  organic  matters,  and  the  clear  fluid 
thus  obtained  precipitated  by  sulphate  of  lime,  the  oxalate 
of  lime  being  identified  by  its  microscropic  form  and  other 
characters. 

The  usual  general  method  for  the  separation  of  oxalic  acid 
from  organic  substances  or  mixtures  is  the  following : — Extract 
with  boiling  water,  filter  (which  in  some  cases  must  be  diflicult 
or  even  impossible),  and  then  precipitate  with  acetate  of  lead. 
The  lead  precipitate  may  contain,  besides  oxalate  of  lead,  phos- 
phate, chloride,  sulphate,  and  various  organic  substances  and 
acids.  This  is  to  be  decomposed  by  sulphuretted  hydrogen,  and 
on  filtering  off  the  sulphide  of  lead,  oxalic  acid  is  to  be  tested  for 
in  the  filtrate.  This  process  can  only  be  adopted  with  advan- 
tage in  a  few  cases,  and  is  by  no  means  to  be  recommended  as 
generally  applicable.  The  best  general  method,  and  one  which 
insures  the  separation  of  oxalic  acid,  whether  present  as  a  free 
acid,  as  an  alkaline,  or  a  calcic  oxalate,  is  perhajas  the  foUo.wing  : 
—The  substance  or  fluid  under  examination  is  digested  with 
hydrochloric  acid  until  a  fluid  capable  of  filtration  is  obtained ; 
the  free  acid  is  neutralised  by  ammonia  in  very  slight  excess, 
and  permitted  to  deposit,  and  the  fluid  is  then  carefully  decanted, 
and  the  deposit  thrown  on  a  filter.  The  filtrate  is  added  to  the 
decanted  fluid,  and  precipitated  with  a  slight  excess  of  acetate  of 
lime — ^this  precipitate,  like  the  first,  being  collected  on  a  filter. 
The  first  precipitate  contains  all  the  oxalic  acid  which  was  in 
combination  with  lime  ;  the  second,  all  that  which  was  in  the 
free  condition.  Both  precipitates  should  be  washed  with  acetic 
acid.  The  next  step  is  to  identify  the  precipitate  which  is 
supposed  to  be  oxalate  of  lime.  The  precipitate  is  washed  into 
a  beaker,  and  dissolved  with  the  aid  of  heat  by  adding,  drop 
by  drop,  pure  hydrochloric  acid;  it  is  then  reprecipitated  by 
ammonia,  and  allowed  to  subside  completely,  which  may  take 
some  time.  The  supernatant  fluid  is  decanted,  and  the  precipi- 
tate washed  by  subsidence  ;  it  is  lastly  dried  over  the  water-bath 
in  a  tared  porcelain  dish,  and  its  weight  taken.  The  substance 
is  then  identified  by  testing  the  dried  powder  as  follows 

(a.)  It  is  whitish  in  colour,  and  on  ignition  in  a  platinum  dish 
leaves  a  grey  carbonate  of  lime.  All  other  organic  salts  ot  lime 
—viz.,  citrate,  tartrate,  &c.— on  ignition  become  coal-black. 
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(6.)  A  portion  suspended  in  water,  to  which  is  added  some 
sulphuric  acid,  destroys  the  colour  of  permanganate  of  potash — 
the  reaction  being  similar  to  that  on  p.  481 — a  reaction  by 
which,  as  is  well  known,  oxalic  acid  or  an  oxalate  may  be  con- 
veniently titrated.  This  reaction  is  so  peculiar  to  oxalic  acid, 
that  there  is  no  substance  with  which  it  can  be  confounded.  It 
is  true  that  uric  acid  in  an  acid  solution  equally  decolorises 
permanganate,  but  it  does  so  in  a  diflferent  way  ;  the  reaction 
between  oxalic  acid  and  permanganate  being  at  first  slow,  and 
afterwards  rapid,  while  the  reaction  with  uric  acid  is  just  the 
reverse — at  first  quick,  and  towards  the  end  of  the  process 
extremely  slow. 

(c.)  A  portion  placed  in  a  test-tube,  and  warmed  with  con- 
centrated sulphuric  acid,  develops  on  warming  carbon  oxide 
and  carbon  dioxide ;  the  presence  of  the  latter  is  easily  shown 
by  adapting  a  cork  and  bent  tube  to  the  test-tube,  and  leading 
the  evolved  gases  through  baryta  water. 

§  607.  Oxalate  of  Lime  in  the  Urine. — This  well-known  urinary 
sediment  occurs  chiefly  as  octahedra,  but  hour-glass,  contracted 
or  dumb-bell-like  bodies,  compound  octahedra,  and  small,  flattened, 
bright  discs,  not  unlike  blood  discs,  are  frequently  seen.  It  may 
be  usually  identified  under  the  field  of  the  microscope  by  its 
insolubility  in  acetic  acid,  whilst  the  ammonio  mag.  phosphate, 
as  well  as  the  carbonate  of  lime,  are  both  soluble  in  that  acid. 
From  urates  it  is  distinguished  by  its  insolubility  ill  warm 
water.  A  chemical  method  of  separation  is  as  follows : — The 
deposit  is  freed  by  subsidence  as  much  as  possible  from  urine, 
washed  with  hot  water,  and  then  dissolved  in  hydrochloric  acid 
and  filtered;  to  the  filtrate  ammonia  is  added  in  excess.  The 
precipitate  inay  contain  phosphates  of  iron,  magnesia,  lime,  and 
oxalate  of  lime.  On  treatment  of  the  precipitate  by  acetic  acid, 
the  phosphates  of  the  alkaline  earths  (if  present)  dissolve,  the 
insoluble  portion  will  be  either  phosphate  of  iron,  or  oxalate  of 
lime,  or  both.  On  igniting  the  residue  in  a  platinum  dish,  any 
oxalate  will  be  changed  to  carbonate,  and  the  carbonate  of  lime 
may  be  titrated  with  d.  n.  HOI  acid  and  cochineal  solution,  and 
from  the  data  thus  obtained  the  oxalate  estimated.  The  iron 
can  be  tested  qualitatively  in  the  acid  solution  by  ferrocyanide 
of  potash,  or  it  can  be  determined  by  the  ordinary  methods.  If 
the  qualitative  detection  of  oxalate  of  lime  in  the  deposit  is  alone 
required,  it  is  quite  sufficient  evidence  should  the  portion  insol- 
uble in  acetic  acid,  on  ignition  in  a  platinum  dish,  give  a  residue 
effervescing  on  the  addition  of  an  acid. 

§  608.  Estimation  of  Oxalic  Acid. — Oxalic  acid  is  estimated  in 
the  free  state  by  direct  weighing,  or  by  titration  either  with 
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alkali  or  by  potassic  permanganate,  the  latter  being  standardised 
by  oxalic  acid.  If  (as  is  commonly  the  case)  oxalic  acid  is  pre- 
cipitated as  oxalate  of  lime,  the  oxalate  may  be — 

(a.)  Dried  at  100°  and  Aveighed  directly,  having  the  properties 
already  described. 

(b.)  Titrated  with  dilute  sulph  uric  acid  and  permanganate. 

(c.)  Ignited,  and  the  resulting  carbonate  of  lime  weighed ;  or 
dissolved  in  standard  acid  and  titrated  back — one  part  of  calcic 
carbonate  corresponds  to  1-26  part  of  crystallised  oxalic  acid,  or 
•88  part  of  OgO^ ;  similarly,  1  cc.  of  standard  acid  equals  -05  of 
calcic  carbonate  (or  -063  of  crystallised  oxalic  acid). 

(d.)  The  oxalate  may  be  dissolved  in  the  smallest  possible 
amount  of  hydrochloric  acid,  and  boiled  with  ammonio  chloride 
of  gold,  avoiding  exposure  to  light ;  every  part  of  gold  precipi- 
tated corresponds  to  -961  parts  of  crystallised  oxalic  acid. 

(e.)  The  oxalate  may  be  placed  in  Geissler's  carbonic  acid 
apparatus,  with  peroxide  of  manganese  and  diluted  sulphuric 
acid.  The  weight  of  the  gas  which  at  the  end  of  the  operation 
has  escaped,  will  have  a  definite  relation  to  that  of  the  oxalate, 
and  if  multiplied  by  1-4318  will  give  the  amount  of  crystallised 
oxalic  acid. 


CERTAIN  OXALIC  BASES— OXALMETHYLINE— 
OXALPROPYLINE. 

§  609.  Hugh  Schulz  *  and  Mayer  have  recently  contributed  the  results  of 
some  important  researches  bearing  upon  a  more  exact  knowledge  of  the 
eifects  of  the  oxalic  group  of  poisons,  and  upon  the  relation  between 
chemical  constitution  and  physiological  effects.  They  experimented  upon 
oxalmethyline,  chloroxalmetliyline,  and  oxalpropyline. 

Chloroxalmethyline  (C6H6CIN'2)  is  a  liquid,  boiling  at  205°,  with  a  weakly 
narcotic  smell.  A  solution  of  tlie  hydrochlorate  of  the  base  was  employed. 
Subcutaneous  injections  of  '05  grm.  into  frogs  caused  narcosis,  and  both 
this  and  the  ethylic  compound  deranged  the  heart's  action,  decreasing 
the  number  of  beats.  Thus  '05  grm.  decreased  the  number  of  the  beats 
of  the  heart  of  a  frog  in  the  course  of  one  and  three-quarter  hours,  as 
follows  :  72,  60,  56,  50,  44,  40,  35,  0. 

Oxalmethyline  produces  somewhat  similar  symptoms,  _  but  the  nervous 
system  is  more  affected  tlian  in  that  which  contains  clilorine. 

Oxalpropyline  also  causes  narcosis,  and  afterwards  paralysis  of  the  hinder 
extremities  and  slowing  of  the  heart.  .  . 

The  difference  between  the  chlorine-free  and  the  chlorine-contaming 
oxalic  bases  are  summarised  as  follows  : — 

*  Beitrag  zur  Kenntniss  der  Wirhmrj  der  Oxalbasen  mf  den  ThierMrper. 
Arch.  f.  Exper.  Path.  u.  Pharm.,  1882. 
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FROGS. 

Chlorine-Holding  Bases.  Chlorine-Free  Bases. 

Notable  narcosis ;  no  heigLtenecl  Narcosis  occurs  late,  and  is  little 
reflex  action,  muscular  cramps,  nor  pronounced ;  a  notable  increase  of 
spontaneous  convulsions.  reflex  excitability ;  more  and  more 

muscular  paralysis ;  between  times, 

muscular  cramps. 

CATS. 

Notable  narcosis  and  salivation  ;  Great  excitement ;  general  shiver- 
no  mydriasis;  convulsions  andparaly-  ing,  rising  to  pure  clonic  convulsions  ; 
sis  ;  no  change  in  the  respirations.       paralysis  of  the  hind  legs  ;  notable 

mydriasis,  jerking,  and  superficial 
respiration ;  weak  narcosis. 

DOGS. 

Notable  narcosis ;  occasional  vomit-  Narcosis  evident ;  the  rest  as  in 
ing  ;  the  rest  as  in  cats.  cats. 


PART  VIII.-INORGANIC  POISONS. 


I.— PRECIPITATED  FROM  A  HYDROCHLORIC  ACID 
SOLUTION  BY  HYDRIC  SULPHIDE— PRECI- 
PITATE YELLOW  OR  ORANGE. 


ABSEKIC — ANTIMONY — CADMIUM. 


1.  AESENIC. 

§610.  Metallic  Arsenic,  at.  wt.  75, .specific  gravity  of  solid 
.5 '62  to  5-96,  sublimes  without  fusion  in  small  quantities  at 
110°  (230''  F.)  Guy.  It  occurs  in  commerce  in'l  whitish-grey, 
somewhat  brittle,  crystalline  masses,  and  is  obtained  by  subjecting 
arsenical  pyrites  to  sublimation  in  earthen  retorts,  the  arsenic 
being  deposited  in  suitable  receivers  on  sheet  iron.  In  the 
course  of  analysis,  however,  it  is  usually  seen  as  a  film  on  copper, 
a  stain  on  porcelain,  or  a  metallic  ring  in  the  interior  of  glass 
•tubes :  the  distinctive  marks  of  these  stains  are  described,  p.  526. 
Metallic  arsenic  is  probably  not  poisonous,  but  may  be  changed 
by  the  animal  fluids  into  soluble  compounds,  and  then  exert 
toxic  efiects — volatilised  metallic  arsenic  is  transformed  into 
arserdous  acid,  and  is  therefore  intensely  poisonous. 

§  611.  Arsenious  Anhydride — Arsenious  Acid — Wliite  Arsenic — 
Arsenic,  As203  =  198;  specific  gravity  of  vapour,  13-85;  specific 
gravity  of  opaque  variety,  3-699;  specific  gravity  of  transparent 
variety,  3-7385.  Composition  in  100  parts,  As  75-75,  O  24-25; 
therefore  one  part  of  metallic  arsenic  equals  1  -32  of  AsgOg. 

In  analysis  it  is  obtained  in  brilliant  octahedral  crystals  as  a 
sublimate  on  discs  of  glass,  or  within  tubes,  the  result  of  heating 
a  film:  of  metallic  arsenic  with  access  of  air.  It  is  obtained  in 
commerce  on  a  very  large  scale  from  the  roasting  of  arsenical 
pyrites.  As  thus  derived,  it  is  usually  in  the  form  of  a  white 
cake,  the  arsenious  acid  existing  in  two  forms— an  amorphous 
and  a  crystalline— the  cake  being  generally  opaque  externally, 
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whilst  in  the  centre  it  is  transparent.  According  to  Kruger, 
this  change  from  the  crystalline  to  the  amorphous  condition  is 
dependent  upon  the  absorption  of  moisture,  no  alteration  taking 
place  in  dry  air.  Both  varieties  of  arsenious  anhydride  are 
acid  to  test  paper. 

The  solubility  of  arsenious  acid  is  often  a  question  involving 
chemical  legal  matters  of  great  moment.  Unfortunately,  how- 
ever, no  precisely  definite  statement  can  be  made  on  this  point, 
the  reason  being  that  the  two  varieties  of  arsenic  occur  in  very 
difierent  proportions  in  different  samples.  Both  the  amorphous 
and  crystalline  varieties  having  very  unequal  solubilities,  every 
experimenter  in  succession  has  given  a  different  series  of  figures, 
the  only  agreement  amid  the  general  discrepancy  being  that 
arsenic  is  very  sparingly  soluble  in  water. 

The  statement  of  Taylor  may,  however,  be  accepted  as  very 
near  the  truth — viz.,  that  an  ounce  of  cold  water  dissolves  from 
half  a  grain  to  a  grain.  According  to  M.  L.  A.  Buchner*,  one  part 
of  crystalline  arsenious  acid  dissolves  after  twenty-four  hours 
digestion  in  355  parts  of  water  at  15°  j  and  the  amorphous, 
under  the  same  condition,  in  108  of  water.  A  boiling  solution 
of  the  crystalline  acid,  left  to  stand  for  twenty-four  hours, 
retains  one  part  of  acid  in  46  of  water ;  a  similar  solution  of  the 
amorphous  retains  one  of  arsenic  in  30  parts  of  water — i.e., 
100  parts  of  water  dissolve  from  2-01  to  3-3  parts  of  AS2O3. 

Boiling  water  poured  on  the  powdered  substance  retains  in 
cooling  a  grain  and  a  quarter  to  the  ounce;  in  other  words, 
100  parts  of  water  retain  -10.  Lastly,  arsenious  acid  boiled  in 
water  for  an  hour  is  dissolved  in  the  proportion  of  12  grains  to 
the  ounce— i.e.,  100  parts  of  water  retain  2-5. 

§  612.  Arseniuretted  Hydrogen  Arsine,  H3AS. — Mol.  weight, 
78;  vol.  weight,  39;  specific  gravity,  2-702;  weight  of  a  litre, 
3-4944;  percentage  composition,  95-69  As,  4-31  H;  volumetric 
composition,  2  vol.  HgAs  =  half  vol.  As  -f  3  vol.  H.  A  colourless 
inflammable  gas,  of  a  foetid  alliaceous  odour,  coercible  into  a 
hmpid  colourless  liquid  at  a  temperature  of  from -30°  to  -40°. 
The  products  of  the  combustion  of  arseniuretted  hydrogen  are 
water  and  arsenious  acid;  thus,  2H3As-)- 60  =  3H2O  + As,Oo. 
If  supplied  with  air  in  insufficient  quantity,  if  the  flame  itself  be 
cooled  by  (for  example)  a  cold  porcelain  plate,  or  if  the  gas  pass 
through  a  tube  any  portion  of  which  is  heated  to  redness,  the 
gas  IS  decomposed  and  the  metal  separated.  Such  a  decomposi- 
tion may  be  compared  to  the  deposit  of  carbon  from  ordinary 
flames,  when  made  to  play  upon  a  cooled  surface.     The  gas 

*  Bull,  de  la  Soci^te  CJiem.  de  Paris,  t.  xx.,  10,  1873. 
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burns  with  a  blue-white  flame,  which  is  very  characteristic,  and 
was  first  observed  by  Wackenroder.  It  cannot,  however,  be 
properly  seen  by  using  the  ordinary  apparatus  of  Marsh,  for 
the  flame  is  always  coloured  from  the  glass;  but  if  the  gas  is 
made  to  stream  through  a  platinum  jet,  and  then  ignited,  the 
characters  mentioned  are  very  noteworthy. 

Oxygen  or  air,  and  arseniuretted  hydrogen,  make  an  explosive 
mixture.  ^  Chlorine  decomposes  the  gas  with  great  energy,  com- 
bining with  the  hydrogen,  and  setting  free  arsenic  as  a  brown 
cloud;  any  excess  of  chlorine  combines  with  the  arsenic  as  a 
chloride.  Sulphur,  submitted  to  arseniuretted  hydrogen,  forms 
sulphuretted  hydrogen,  whilst  first  arsenic  and  then  sulphide  of 
arsenic  separate.  Phosphorus  acts  in  a  similar  way.  Arseni- 
uretted and  sulphuretted  hydrogen  may  be  evolved  at  ordinary 
temperatures  without  decomposition ;  at  the  boiling  point  of 
mercury  (350°)  they  are  decomposed,  sulphide  of  arsenic  and 
hydrogen  being  formed;  thus,  3H2S  +  SAsHg  =  AsgSg  +  GHg,  a 
reaction  which  is  of  some  importance  from  a  practical  point  of 
view.  Many  metals  have  also  the  property  of  decomposing  the 
gas  at  high  temperatures,  and  setting  hydrogen  free.  Metallic 
oxides,  again,  in  like  manner,  combine  with  arsenic,  and  set 
water  free,  e.g.,  30uO  -1-  2II3AS  =  CugAso  +  3H2O. 

Arseniuretted  hydrogen  acts  on  solutions  of  the  noble  metals 
like  phosphuretted  hydrogen,  precipitating  the  metal  and  setting 
free  arsenious  acid ;  for  example,  nitrate  of  silver  is  decomposed 
thus — 

12AgN03  +  2H3AS  +  3H2O  =  AS2O3  +  I2HNO3  +  12Ag. 

This  reaction  admits  of  valuable  practical  application  to  the 
estimation  of  arsenic ;  for  the  precipitated  silver  is  perfectly 
arsenic-free ;  the  excess  of  nitrate  of  silver  is  easily  got  rid  of  by 
a  chloride  of  sodium  solution,  and  the  absorption  and  decom- 
position of  the  gas  are  complete. 

In  cases  of  poisoning  by  arseniuretted  hydrogen,  the  blood, 
when  examined  by  the  spectroscope  (a  process  the  analyst  should 
never  omit  where  it  is  possible),  is  of  a  peculiar  inky  colour,  and 
the  bands  between  D  and  0  are  melted  together,  and  have 
almost  vanished.  Such  blood,  exposed  to  oxygen,  remains 
unaltered. 

§  613.  Arseniuretted  Hydrogen  in  the  Arts,  &c. — In  the  bronzing 
of  brass,  in  the  desilverising  of  lead  by  zinc,  and  subsequent 
treatment  of  the  silver  zinc  with  hydrochloric  acid,  in  the 
tinning  of  sheet  iron,  and  similar  processes,  either  from  the  use 
of  acids  containing  arsenic  as  an  impurity,  or  from  the  appli- 
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cation  of  arsenic  itself,  arseniuretted  hydrogen  is  evolved.  Of 
late  years,  moveover,  this  gas  has  been  recognised  as  a  source 
of  disease,  by  being  emanated  from  wall  papers  which  had  been 
strongly  impregnated  with  arsenic,  the  gas  resulting  from  the 
contact  of  arsenious  acid  with  organic  matter.* 

The  researches  of  Fleck,  ridiculed  by  L.  Krahmer,t  are  con- 
firmed by  Sonnenschein,$  who,  by  the  aid  of  an  aspirator,  drew 
the  air  of  a  room  first  through  water,  and  then  through  a  red-hot 
glass  tube,  and  obtained  a  distinct  arsenical  ring.  They  are 
further  attested  by  Hamberg,  §  who,  in  a  similar  manner,  caused 
the  air  of  a  room,  the  wall-paper  of  which  was  arsenical,  to  pass 
through  a  solution  of  nitrate  of  silver,  and  obtained  in  the  solu- 
tion arsenious  acid,  together  with  some  sulphide  of  silver ;  ||  very 
few  solid  particles  being  detected. 

§  614.  Effects  on  Animals  and  Man  of  Breathing  Arsine. — The 
most  general  efiect  on  mammals  is  to  produce  jaundice,  bloody 
urine,  and  bile.  In  the  course  of  numerous  experiments  on 
dogs,  Stadelmannll  found  that  by  making  them  breathe  a  dose  of 
arseniuretted  hydrogen,  which  would  not  be  immediately  fatal, 
icterus  was  always  produced  under  these  circumstances,  and  could 
be  always  detected  by  the  appearance  of  the  tissues.  The  bile 
is  remarkably  thickened,  and  the  theory  is,  that  in  such  cases 
the  jaundice  is  purely  mechanical,  the  gall-duct  being  occluded 
by  'the  inspissated  bile.  Rabbits  experimented  upon  similarly 
showed  increased  bihary  secretion,  but  no  jaundice ;  while  it  was 
proved  that  cats  are  not  so  sensitive  to  arsine  as  either  rabbits 
or  dogs.  There  are  not  wanting  instances  of  arsine  having  been 
breathed  by  man — the  discoverer  of  the  gas,  Gehlen,  was  in  fact 
the  first  victim  on  record.  In  order  to  discover  a  flaw  in  his 
apparatus  he  smelt  strongly  at  the  joints,  and  died  in  eight  days 
from  the  effects  of  the  inhalation. 

Nine  persons,  workmen  in  a  factory,  were  poisoned  by  arseni- 
uretted hydrogen  being  evolved  during  the  treatment  by  hydro- 
chloric acid  of  silver-lead  containing  arsenic.  Three  of  the  nine 
died,  their  symptoms  were  briefly  as  follows  : — 

(1.)  H.  K.,  22  years  old ;  his  duty  was  to  pour  hydrochloric 
acid  on  the  metal.    Towards  mid-day,  after  this  operation,  he 

*  Fleck,  Zeitsclir.  fiir  Biologie,  Bd.  viii.,  p.  445. 
+  Handhuch  cUr  Staats-Arzneilcunde,  ii.,  455. 
+  Sonnenschein,  Handbuch  der  GerichtUchen  Ghemie. 
%  Pharm.  Journ.  Trans.  [3],  p.  81-83. 

II  The  unpleasant  odour  often  possessed  by  Schweinfurt  green  papers 
appears  to  be  due  to  the  decomposition  of  the  acetic  acid  by  moistui-e  and 
mould,  with  the  formation  as  a  principal  product  of  propionic  acid 
^'^  ^^\±-s<inwasserstoff-Vergiftung,  Archiv /.  Exper.  Path.  u.  Pharm 
Leipzig,  1882. 
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complained  of  nausea,  giddiness,  and  malaise.  In  the  afternoon 
he  felt  an  uncommon  weight  of  the  limbs,  and  an  oppression  in. 
breathing.  His  fellow-workmen  thought  that  he  looked  yellow. 
On  going  home  he  lay  down  and  passed  into  a  narcotic  sleep. 
Next  morning  he  went  to  his  work  as  usual,  but  was  not  capable 
of  doing  anything ;  he  passed  bloody  urine  several  times  through- 
out the  day,  and  fell  into  a  deep  sleep,  from  which  he  could 
scarcely  he  roused.  On  the  third  day  after  the  accident, 
a  physician  called  in  found  him  in  a  deep  sleep,  with  well- 
developed  jaundice,  the  temperature  moderately  high,  pulse  100. 
On  the  fifth  day  the  jaundice  diminished,  but  it  was  several 
months  before  he  could  resume  his  work. 

(2.)  J.  T.,  aged  19,  sufiered  from  similar  symptoms  after  five 
and  a  half  hours'  exposure  to  the  gas.  He  went  home,  vomited, 
was  jaundiced,  and  sufiered  from  bloody  urine ;  in  six  days  be- 
came convalescent,  but  could  not  go  to  work  for  many  months. 

(3.)  0.  E.  was  very  little  exposed,  but  was  unwell  for  a  few  days. 

(4.)  L.  M.,  37  years  old,  was  exposed  two  days  to  the  gas; 
he  vomited,  had  bloody  urine,  passed  into  a  narcotic  sleep,  and 
died  in  three  days  from  the  date  of  the  first  exposure. 

(5.)  J.  S.,  aged  40,  was  exposed  for  two  days  to  the  gas;  the 
symptoms  were  similar  to  No.  4,  there  was  suppression  of  urine, 
the  catheter  drawing  blood  only,  and  death  in  eight  days. 

(6.)  M.  E.,  36  years  old;  death  in  three  days  with  similar 
symptoms. 

(7),  (8),  and  (9)  sufiered  like  Nos.  1  and  2,  and  recovered  after 
several  months. 

The  chief  x>ost-mortem  appearance  was  a  dirty-green  colour  of 
the  mucous  membrane  of  the  intestines,  and  congestion  of  the 
kidneys.    Arsenic  was  detected  in  all  parts  of  the  body.* 

Two  cases  are  detailed  by  Dr.  Valette  in  Tardieu's  "  Etude."t 
A  mistake  occurred  in  a  laboratory,  by  which  a  solution  of 
arsenic  (instead  of  sulphuric  acid)  was  poured  on  zinc  to  develop 
hydrogen.  Of  the  two  sufierers,  the  one  recovered  after  an 
illness  of  about  a  week  or  ten  days,  the  other  died  at  the  end 
of  twenty-eight  days.  The  main  symptoms  were  yellowness  of 
skin,  vomiting,  bloody  urine,  great  depression,  slight  diarrhoea, 
headache,  and  in  the  fatal  case  a  morbiliform  eruption.  In  a 
case  recorded  in  the  British  Medical  Journal,  November  4,  1876, 
there  were  none  of  the  usual  symptoms  of  gastric  irritation,  but 
loss  of  memory  of  recent  acts,  drowsiness,  and  giddiness. 

*  Trost,  Vergiftung  durcJi  Arsenwassersioff  hei  der  technischen  Gewinnunff 
des  Silbers,  VierteljahrsscJiri/tf.  Gericht.  Med.,  xviii.,Bd.  2,  Heft,  S.  6, 1S73. 

+  Ambroise  Tardieu,  ttude  Medico-Ugah  siir  V Empoisonnement,  Obs. 
xxv.,  p.  449. 
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§  615.  The  Stdphides  of  Arsenic. — Of  the  sulphides  of  arsenic, 
two  only,  realgar  and  orpiment,  are  of  any  practical  importance. 
Realgar,  As2S2  =  214;  specific  gravity,  3-356;  composition  in 
100  parts,  As  70-01,  S  29'91 ;  average  composition  of  commercial 
product,  As  75,  S  25.  Realgar  is  found  native  in  ruby-red 
crystals,  and  is  also  prepared  artificially  by  heating  together  9 
parts  of  arsenic  and  4  of  sulphur,  or  198  parts  of  arsenious 
anhydride  with  112  parts  of  sulphur,  2AS2O3  +  7S  =  2AS2S2  +  3SO2. 
It  is  insoluble  in  water  and  in  hydrochloric  acid,  but  is  readily 
dissolved  by  potassic  disulphide,  by  nitric  acid,  and  by  aqua 
regia.  It  is  decomposed  by  caustic  potash,  leaving  undissolved 
a  brown  sediment  (As;^2S),  which  contains  96-5  per  cent,  of 
arsenic. 

§616.  Orpiment,  or  Arsenic  Trisulphide. — As2S3  =  246;  specific 
gravity,  3-48;  composition  in  100  parts.  As  60-98,  S  39-02; 
found  native  in  crystals,  presents  itself  in  the  laboratory  usually 
as  a  brilliant  yellow  amorphous  powder,  on  passing  sulphuretted 
hydrogen  through  an  acid  solution  of  arsenious  acid  or  an 
arsenite.  It  is  very  insoluble  in  water  (about  one  in  a  million, 
Fresenius),  scarcely  soluble  in  boiling  concentrated  hydrochloric 
acid,  and  insoluble  generally  in  dilute  acids.  Eed  fuming 
nitric  acid  dissolves  it,  converting  it  into  arsenic  and  sulphuric 
acids  ;  ammonia  and  other  alkaline  sulphides,  the  alkalies  them- 
selves, alkaline  carbonates,  bisulphide  of  potash,  and  aqua  regia, 
all  dissolve  it  readily.  In  the  arts  it  is  used  as  King's  yellow 
(see  p.  502).  Tanners  also  formerly  employed  a  mixture  of  90 
parts  of  orpiment  and  10  of  quicklime,  under  the  name  of 
Rusma,  as  a  depilatory;  but  the  alkaline  sulphides  from  gas- 
works are  replacing  this  to  a  great  extent. 

§  617.  Haloid  Arsenical  Co77ip)ounds. — The  CMoride  of  Arsenic, 
As01g=:  181-5;  specific  gravity  liquid,  0°  2-205;  boiling  point, 
134°  (273-2°  F.),  is  a  heavy,  colourless,  oily  liquid,  which  has 
been  used  as  an  escharotic  in  cancerous  affections  (principally 
by  quacks).  In  one  process  of  detecting  and  estimating  arsenic, 
the  properties  of  this  substance  are  utilised  (see  p.  542).  It 
is  immediately  decomposed  by  water  into  arsenious  and  hydro- 
chloric acids. 

The  Iodide  of  Arsenic  (Aslg)  is  used  occasionally  in  skin  diseases, 
but  IS  of  little  interest  to  the  analyst ;  it  is  commonly  seen  in 
the  form  of  brick-red  brilliant  flakes. 

§  618.  Arsenic  in  the  ^ri!s.— The  metal  is  used  in  various 
alloys ;  for  example,  speculum  metal  is  made  of  tin,  copper,  and 
a  httle  arsenic ;  white  copper  is  an  alloy  of  copper  and  arsenic  • 
shot  is  composed  of  1000  parts  of  lead  mixed  with  3  of  arsenic  • 
the  common  Britannia  metal  used  for  tea-pots,  spoons,  &c.,  often 
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contains  arsenic ;  and  brass  is  bronzed  with  a  thin  film  of  arsenic. 
It  was  formerly  much  employed  in  the  manufacture  of  glass,  but 
is  being  gradually  superseded.  It  is  also  now  used  to  some 
extent  in  the  reduction  of  indigo  blue,  and  in  that  of  nitro- 
benzole  in  the  manufacture  of  aniline. 

In  cases  of  suspected  poisoning,  therefore,  and  the  finding  of 
arsenic  in  the  stomach,  or  elsewhere,  it  may  be  set  up  as  a 
defence  that  the  arsenic  was  derived  from  shot  used  in  the 
cleansing  of  bottles,  from  the  bottles  themselves,  or  from  metal 
vessels,  such  as  tea-pots,  &c. 

The  arsenic  in  all  these  alloys  being  extremely  insoluble,  any 
solution  to  a  poisonous  extent  is  in  the  highest  degree  im- 
probable. It  may,  however,  be  necessary  to  treat  the  vessels 
with  the  fluid  or  fluids  which  have  been  supposed  to  exert  this 
prejudicial  action,  and  test  them  for  arsenic.  The  treatment 
should,  of  course,  be  of  a  severe  and  exhaustive  character,  and 
the  fluids  should  be  allowed  to  stand  cold  in  the  vessels  for 
twenty-four  hours ;  then  the  efiect  of  a  gentle  heat  should  be 
studied,  and,  lastly,  that  of  boiling  temperatures.  The  analysis 
of  the  alloy  itself,  or  of  the  glass,  it  would  seldom  be  of  value  to 
undertake,  for  the  crushed  and  finely  divided  substance  is  in  a 
condition  very  different  from  that  of  the  article  when  entire,  and 
inferences  drawn  from  such  analytical  data  would  be  fallacious. 
It  does  not  matter  one  iota  to  us  that  the  vessels  out  of  which 
we  drink  are  made  of  metallic  arsenic,  provided  that  under  all 
possible  domestic  conditions  the  arsenic  is  insoluble. 

Arsenious  anhydride  is  also  used  for  the  preservation  of  wood, 
and  is  thrown  occasionally  into  the  holds  of  vessels  in  large 
quantities  to  prevent  vegetable  decomposition.  In  India,  again, 
a  solution  of  arsenic  is  applied  to  the  walls  as  a  wash,  in  order 
to  prevent  the  attacks  of  insects. 

§  619.  Pharmaceutical,  Non-ojficinal,  and  other  Prejxirations  of 
Arsenic. — (1.)  Pharmacetitical  Preparations. — The  Liquor  arseni- 
calis  (Fowler's  solution),  or  solution  of  arsenic  of  the  pharma- 
copceia,  is  composed  of — 

Carbonate  of  Potash,  .  .  •  SO  grains  (5-18  grms.) 
Arsenious  Acid,       .       .       ■       •  ''     '  } 

Compound  Tincture  of  Lavender,     .        5  drachms  (17-72  cc. ) 

dissolved  in  1  pint  (567-9  cc.)  of  water;  every  ounce,  therefore, 
contains  4  grains  of  arsenious  acid  (or  100  cc.  =  -9AS2O3). 

The  hydrochloric  solution  of  arsenic  is  simply  arsenious  acid 
dissolved  in  hydrochloric  acid  ;  its  strength  should  be  exactly  the 
same  as  that  of  Fowler's  solution. 
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A  solution  of  arseniaie  of  soda*  contains  the  anhydrous  salt  in 
the  proportion  of  4  grains  to  the  ounce  (-9  in  100  cc.)  of  water.  _ 

Donovan's  Solution  of  ^rsemc— This  is  not  officinal,  but  is 
used  to  some  extent  in  skin  diseases  ;  it  appears  to  be  a  solution 
of  the  iodides  of  inercury  and  arsenic ;  100  cc.  contain  about  -152 
o-rm.  of  metallic  arsenic,  or  each  fluid  drachm  contains  -086 

wrains.  , 

Arseniate  of  Iron,  FcgAsgOg,  is  an  amorphous  green  powder, 
used  to  some  extent  in  medicine.  It  should  contain  33-6  per 
cent,  of  metallic  arsenic. 

(2.)  VeterinarT/  Arsenical  Iledicine.— Common  veterinary  pre- 
parations containing  arsenic  are  :— A  ball  for  worms,  containing 
in  parts — 

Calomel,.       .       .       .       •        I'S  per  cent. 
Arsenious  Acid,      .       .       •  1'3 
Tin  Filings,     ....  77-9 
Venice  Turpentine  t        .       .       19'5  ,> 

A  common  tonic  ball : —  + 

Arsenious  Acid,  .       .        5  to  10  grains  (-324  to  -648  grm.) 
Aniseed,      ...         i  oz.  (14-1744  grms.) 

Opium,       .       .       .  .30  grains  (1-94       ,,  ) 

Treacle,      ...         q.  s. 

An  arsenical  ball,  often  given  by  grooms  to  horses  for  the 
purpose  of  improving  their  coats,  contains  in  100  parts — 

Arsenious  Acid,      .       .       .        2-5  per  cent. 
Pimento,         ....       19'2  ,, 
Extract  of  Gentian,        .       .       78  "3  ,, 

Another  ball  in  use  is  composed  of  arsenic  and  verdigris 
(acetate  of  copper),  of  each  8  grains  (-518  grm.) ;  cupric  sulphate, 
20  grains  (1-3  grm.) ;  q.  s.  of  linseed  meal  and  treacle. 

(3.)  Eat  and  Fly  Poisons,  &c. — An  arsenical  paste  sold  for  rats 
has  the  following  composition  : — 

Arsenious  Acid,      .       .       .  5*0  per  cent. 

Lampblack,     ....  '6  ,, 

Wheat  Flour,  .       .       .       .  46-3 

Suet,      .       .       .       .       .  46-3 
Oil  of  Aniseed,  a  small  quantity. 

*  The  formula  for  arseniate  of  soda  is  Na2HAs047H20,  but  it  sometimes 
contains  more  water. 

+  The  Venice  turpentine  is  rarely  found  in  ordinary  commerce,  what  is 
sold  under  that  name  consisting  of  black  resin  and  oil  of  turpentine. 

X  A  similar  preparation  in  common  use  has  the  addition  of  sulphate  of 
zinc. 
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Another  rat  poison  is  composed  as  follows  :— 


Oil  of  Aniseed,  ...  -2 
Oil  of  Rhodium,      ...  -2 


Various  arsenical  preparations  are  used  to  kill  flies ;  the  active 
principle  of  the  brown  ''papier  moure  "  is  arsenious  acid.  A  dark 
grey  powder,  which  used  to  be  sold  under  the  name  of  fly- 
powder,  consisted  of  metallic  arsenic  that  had  been  exposed  some 
time  to  the  air. 

Fly-water  is  a  strong  solution  of  arsenious  acid  of  uncertain 
strength,  sweetened  with  sugar,  treacle,  or  honey.  Another  fly- 
poison  consists  of  a  mixture  of  arsenious  acid,  tersulphide  of 
arsenic,  treacle,  and  honey. 

(4.)  Quack  Nostrums. — The  analyst  may  meet  with  several 
quack  preparations  for  external  use  in  cancer.  A  celebrated 
arsenical  paste  for  this  purpose  is  composed  of — 


A  pill,  used  by  unprofessional  persons  as  a  preventive  of 
hydrophobia  (!)  is  composed  of  to  (4  to  5-4  mgrms.)  of  a 
grain  of  arsenic  and  a  grain  of  common  pepper.  A  similar  pill  is 
much  used  in  the  East  Indies. 

The  tasteless  ague  drops"  used  in  the  fen  countries  are 
simply  a  solution  of  arsenite  of  potash. 

Davidson^s  Cancer  Remedy  consists,  according  to  Dr.  Paris,  of 
equal  parts  of  arsenious  acid  and  powdered  hemlock. 

In  India,  arsenic  given  as  a  medicine  by  native  practitioners, 
or  administered  as  a  poison,  may  be  found  coloured  and  impure, 
from  having  been  mixed  either  with  cow's  urine,  or  with  the 
juice  of  leaves,  cfecf 

Arsenious  acid  is  used  by  dentists  to  destroy  the  nervous 
pulp  of  decayed  and  painful  teeth,  about  the  twenty-fifth  of  a 
grain  (2 -5  mgrms.)  being  placed  in  the  cavity.  There  is  no 
record  of  any  accident  having  resulted  from  this  practice 
hitherto ;  but  since  the  dentist  seldom  weighs  the  arsenic,  it  is 
not  altogether  free  from  danger. 

(5.)  Pigments,  &g. — King's  yellow  should  be  AsgSg,  the  trisul- 
phide  of  arsenic  or  orpiment.    It  is  frequently  adulterated  with 


Arsenious  Acid,  . 
Cinnabar,  . 
Dragon's  Blood,  . 


8  per  cent. 


*  Alum  and  carbonate  of  lead  coloured  with  Brazil  and  peach  woods. 
+  Chever,  Med.  Jurisprudence  for  India,  p.  116. 
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SO  to  90  per  cent,  of  arsenious  acid,  and  in  such  a  case  is,  of 
course,  more  poisonous.  King's  yellow,  if  pure,  yields  to  water 
nothing  which  gives  any  arsenical  reaction. 

A  blue  pigment,  termed  mineral  blue,  consists  of  about  equal 
parts  of  arsenite  of  copper  and  potash,  and  should  contain  38-7 
per  cent,  of  metallic  arsenic  (  =  to  51-084  AsgOgH),  and  15-6  of 
copper. 

Schweinfurt  green  (Syn.  Emerald-green),  (0uAs2O4)30u(C2B[3O2)2 
is  a  cupric  arsenite  and  acetate,  and  should  contain  25  per  cent, 
of  copper,  and  58-4  per  cent,  of  arsenious  acid.  In  analysis,  the 
copper  in  this  compound  is  readily  separated  from  the  arsenic 
by  first  oxidising  with  nitric  acid,  and  then  adding  to  the  nitric 
acid  solution  ammonia,  until  the  blue  colour  remains  undis- 
solved. At  this  point  ammonium  oxalate  is  added  in  excess,  the 
solution  is  first  acidified  by  hydrochloric  or  nitric  acid,  and,  on 
standing,  the  copper  separates  completely  (or  almost  so)  as 
oxalate,  the  arsenic  remaining  in  solution. 

Scheele's  green  (CuHAsOg)  is  a  hydrocupric  arsenite,  and  con- 
tains 52-8  per  cent,  of  arsenious  anhydride,  and  33-8  per  cent,  of 
copper. 

(6.)  External  Application  of  Arsenic  for  Sheep,  <fcc. — Many  of 
these  are  simply  solutions  of  arsenic,  the  solution  being  made  by 
the  farmer.  Most  of  the  yellow  sheep-dipping  compounds  of 
commerce  are  made  up  either  of  impure  carbonate  of  potash,  or 
of  soda  ash,  arsenic,  soft  soap,  and  sulphur.  The  French  bain 
de  tersier  is  composed  of — 

Arsenious  Acid,  .  .  .        1  '00  kgrms. 

Ferrous  Sulphate,  .  .  .  lO'OO  ,, 

Peroxide  of  Iron,  .  .  .         0'40  ,, 

Gentian  Powder,  .  .  .         0"20  ,, 

This  is  to  be  added  to  100  kgrms.  of  water.  Another  common 
application  consists  of  alum  and  arsenic  (10  or  12  to  1),  dissolved 
in  two  or  three  hundred  parts  of  water. 

(7.)  Arsenical  Soaps,  &c. — Arsenic  is  used  in  preserving  the 
skins  of  animals.  One  of  the  compounds  for  this  purpose, 
known  under  the  name  of  Becoeur's  arsenical  soap,  has  the 
following  composition : — 

Camphor,       .       .  .  .        3-4  per  cent. 

Arsenic,         .       .  .  .  20*2 

Carbonate  of  Potash,  .  .  56 '2  ,, 

Lime,*    .       .       .  .  .  20-2  „ 

*  The  dust  from  the  preserved  skins  of  animals  has  caused,  at  least,  one 
case  of  poisoning.  Ann.  d'Hyg.  Pub.  et  de  Mid.  L6g.,  2  s&v.,  1870,  t.  xxxiii.. 
p.  314. 
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Blue  fires  —  (1.)  Realgar, 
Charcoal, 
Potassic  Chlorate, 
Sulphur, 

Nitrate  of  Baryta, 

(2.)  Sulphur, 
Nitre,  . 

Sulphide  of  Antimony, 

„  Arsenic, 
Charcoal, 

Green  fires   —    Metallic  Arsenic, 
Charcoal, 

Chlorate  of  Potash, 
Sulphur, 

Nitrate  of  Baryta, 

Light  green  fire — Charcoal, 

Sulphide  of  Arsenic, 
Sulphur, 

Chlorate  of  Potash, 
Nitrate  of  Baryta, 

White  fire  —  (1.)  Arsenious  Acid,  . 

Charcoal, 

Sulphide  of  Antimony, 
Nitrate  of  Potash, 
Sulphur, 

(2,)  Realgar, 
Sulphur, 

Nitrate  of  Potash, 


Parts. 

2 

3 

5 
13 
77 

40-9 
36-8 
12-3 

5 

5 

2 
3 
5 
13 
7 

1-75 
1-75 
10-50 
23-25 
62-50 

•76 
1-63 
12-27 
36-59 
48-75 

6-1 
21-2 
72-7 


— In  England,  during 
of  poisoning  from  all 


§  620.  Statistics  of  Poisoning  ly  Arsenic. 
.the  five  years  ending  1880,  in  1581  cases 

causes,  37  males  and  30  females  are  registered  as  having  died 
from  arsenical  poisoning.  Of  these  deaths  28  (41-7  per  cent.) 
were  suicidal ;  2  children  were  murdered  by  arsenic ;  the  re- 
maining 37  (55-2  per  cent.)  were  due  to  accident  or  negligence. 
With  regard  to  the  ages,  3  only  were  under  5  years  of  age ; 
32,  or  about  one-half,  were  between  20  and  45 ;  16  between 
45  and  75 ;  and  3  above  75  years  of  age.  Husemann  collected 
183  cases  of  arsenical  poisoning;  of  these  89  (48-5  per  cent.) 
were  either  suicidal  or  murderous,  the  data  relative  to  6  were 
wanting,  the  remainder  were  accidental;  of  the  183,  81  (44  per 
cent.)  proved  fatal.  If  the  same  proportion  holds  good  in 
England,  then  the  67  deaths  from  arsenical  poisoning  would  be 
equivalent  to  175  cases. 
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§  621.  Law  Relative  to  the  Sale  of  Arsenic. — By  the  14th  of 
Vict.  c.  12,  every  person  selling  arsenic  is  bound  to  keep  a 
written  record  of  every  particular  relative  to  each  transaction, 
such  as  the  name,  abode,  and  calling  of  the  purchaser,  the 
purpose  for  which  the  poison  is  required,  and  the  quantity  sold, 
<fec.  These  particulars  are  to  be  signed  also  by  the  purchaser. 
No  person  (sec.  2)  is  allowed  to  sell  arsenic  to  any  one  unknown 
to  the  seller,  unless  in  the  presence  of  a  witnsss,  whom  the  seller 
is  acquainted  with.  The  arsenic  sold  (sec.  3),  is  to  be  mixed 
with  soot  or  indigo  in  the  proportion  of  half  an  ounce  of  indigo 
to  a  pound  of  arsenic.  It,  therefore,  follows  that  the  coloured 
substance  should  not  contain  more  than  70  per  cent,  of  arsenious 
acid.  The  Act  applies  to  all  the  colourless  preparations  of 
arsenic :  but  it  is  not  to  affect  chemists  in  making  up  prescrip- 
tions for  medical  men,  or  in  supplying  medical  men ;  nor  is  it 
to  affect  the  wholesale  dealers  in  supplying  arsenic  to  retail 
shops,  &c.  The  penalty  for  conviction  is  <£20,  or  less.  Com^ 
mercial  arsenic  is  often  much  adulterated,  especially  with  gypsum, 
chalk,  &c.  These  are  most  readily  detected  by  subliming  the 
arsenic.  The  sublimed  arsenic  itself  may  not  be  entirely  pure, 
sometimes  containing  arsenical  sulphides  and  antimonious  oxide. 

§  622.  Dose. — The  smallest  dose  of  arsenic  known  to  have 
proved  fatal  to  a  human  being  is  -16  grm.  (2|-  grains).  Farriers 
and  grooms  are  in  the  habit  of  giving  as  much  as  1-3  grm. 
(20  grains)  a  day  to  a  horse,  so  that  the  poisonous  dose  for  this 
animal  must  be  very  large. 

The  maximum  dose  for  the  horned  cattle  appears  to  be  from 
•32  to^  -38  grm.  (5  to  6  grains) ;  that  for  a  dog  is  16  mgrms. 
{\  grain),  and  even  this  may,  in. the  smaller  kinds,  cause  illness. 

The  following  may  be  considered  as  dangerous  doses  of  arsenic : 
—•13  grm.  (2  grains)  for  an  adult;  1-9  grm.  (30  grains)  for  a 
horse ;  -64  grm.  (10  grains)  for  a  cow ;  and  32  to  04  mgrms. 
(J  to  1  grain)  for  a  dog. 

§  623.  Uffects  of  Arsenious  Acid  on  Plants. — If  the  root  or  stem 
of  a  plant  is  immersed  in  a  solution  of  arsenious  acid,  the  hue  of 
the  leaves  soon  alters  in  appearance,  the  green  colour  becomes  of 
a  whitish  or  brownish  hue,  and  the  plant  withers ;  the  effect 
being  very  similar  to  that  produced  by  hot  water.  The  toxic 
action  may  be  traced  from  below  upwards,  and  analysis  will 
detect  minute  quantities  of  arsenic  in  all  portions  of  the  plant. 

It  has,  however,  been  shown  by  Gorup-Besanez,*  that  if 
arsenious  acid  be  mixed  with  earth,  and  plants  grown  in  such 
earth,  they  only  take  up  infinitesmal   quantities  of  arsenic 
Hence,  m  cases  of  cattle  poisoning,  any  defence  based  upon  the 
*  Annul,  d.  CJiemie  u.  Pharmacie,  Bel.  cxxvii.,  H.  2,  243. 
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alleged  presence  of  arsenic  in  the  pasture  will  be  more  ingenious 
than  just. 

The  influence  of  arsenical  fumes  as  evolved  from  manufactories 
upon  shrubs  and  trees  is  in  general  insignificant.  Pines  and  firs, 
five  to  six  years  old,  have  been  known  to  suffer  from  a  disease  in 
which  there  is  a  shedding  of  the  leaves,  the  more  tender  herbage 
being  at  the  same  time  affected.  Whatever  dangers  the  practice 
of  steeping  corn  intended  for  seed  in  a  solution  of  arsenious  acid, 
as  a  preventive  of  "  smut,"  may  possess,  it  does  not  appear  to  in- 
fluence deleteriously  the  growth  of  the  future  plant. 

Superphosphate  of  manure  is  frequently  rich  in  arsenic.  Dr. 
Edmund  Davy  asserts  that  plants  to  which  such  manure  is 
applied  take  up  arsenic  in  their  tissues,  and  M.  Andonard  has 
made  a  similar  statement.  Tuson*  has  also  undertaken  some 
experiments,  which  confirm  Andonard  and  Davy's  researches. 
The  bearing  of  this  with  relation  to  the  detection  of  arsenic  in 
the  stomachs  of  the  herbivora  needs  no  comment. 

§  624.  Ejfects  on  Animal  Life — Animalcules. — All  infusoria 
and  forms  of  animalcule-life  hitherto  observed,  perish  rapidly  if  a 
minute  quantity  of  arsenious  acid  is  dissolved  in  the  water  in 
which  they  exist. 

Insects. — The  common  arsenical  fly-papers  afford  numerous 
opportunities  for  observing  the  action  of  arsenic  on  ordinary 
flies ;  within  a  few  minutes  (five  to  ten  after  taking  the  poison 
into  their  digestive  organs)  they  fall,  apparently  from  paralysis 
of  the  wings,  and  die.  Spiders  and  all  insects  into  which  the 
poison  has  been  introduced  exhibit  a  similar  sudden  death.  It 
is  said  that  in  the  neighbourhood  of  arsenical  manufactures  there 
is  much  destruction  among  bees  and  other  forms  of  insect  life. 

Annelids. — If  arsenious  acid  is  applied  to  the  external  surface 
of  worms  or  leeches,  the  part  which  it  touches  perishes  first,  and 
life  is  extinguished  successively  in  the  others.  If  a  wound  is 
made  first,  and  the  arsenious  acid  then  applied  to  it,  the  effects  are 
only  intensified  and  hastened.  There  is  always  noticed  an  augmen- 
tation of  the  excretions ;  the  vermicular  movements  are  at  first 
made  more  lively,  they  then  become  languid,  and  death  is  very 
gradual. 

Birds. — The  symptoms  with  birds  are  somewhat  different,  and 
vary  according  to  the  form  in  which  the  poison  is  administered — 
viz.,  whether  as  a  vapour  or  in  solution.  In  several  experiments 
made  by  Eulenberg  on  pigeons,  the  birds  were  secured  under 
glass  shades,  and  exposed  to  the  vapour  of  metallic  arsenic 
vaporised  by  heat.    It  is  scarcely  necessary  to  remark  that  in 

*  CoolQ^a  Dictionary,  Axt.  "Arsenic." 
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operating  in  this  way,  the  poisoning  was  not  by  metallic  arsenic 
vapour,  but  by  that  of  arsenious  acid.  One  of  these  experiments 
may  be  cited : — A  pigeon  was  made  to  breathe  an  atmosphere 
charged  with  vapour  from  the  volatilisation  of  metallic  arsenic. 
The  bird  was  immediately  restless  ;  in  thirty  minutes  it  vomited 
repeatedly,  and  the  nasal  apertures  were  noticed  to  be  moist; 
after  a  little  while,  the  bird,  still  breathing  the  arsenious  acid 
atmosphere,  was  much  distressed,  shook  its  head  repeatedly,  and 
yawned ;  in  fifty  minutes  the  respiration  was  laboured,  and  in 
fifty-nine  minutes  there  was  much  vomiting.  On  removing  the 
bird,  after  it  had  been  exposed  an  hour  to  the  vapour  (-16  grm. 
of  metallic  arsenic  having  been  evaporated  in  all),  it  rapidly 
recovered. 

Six  days  after,  the  pigeon  was  again  exposed  in  the  same  way 
to  the  vapour,  but  this  time  -56  grm.  of  metallic  arsenic  was 
volatilised.  In  fifteen  minutes  there  was  retching,  followed  by 
vomiting.  On  taking  it  out  after  an  hour  it  remained  very  quiet, 
eat  nothing,  and  often  puffed  itself  out;  the  breathing  was 
normal,  movements  free,  but  it  had  unusual  thirst.  On  the  second 
and  third  day  the  excretions  were  frequent  and  fluid  ;  the  cardiac 
pulsations  were  slowed,  and  the  bird  was  disinclined  to  move. 
On  the  fourth  day  it  continued  in  one  place,  puffing  itself  out ; 
towards  evening  the  respirations  slowed,  the  beak  gaping  at  every 
inspiration.  On  attempting  flight,  the  wings  fluttered  and  the 
bird  fell  on  its  head.  After  this  it  lay  on  its  side,  with  slow, 
laboured  respiration,  the  heart-beats  scarcely  to  be  felt,  and 
death  took  place  without  convulsions,  and  very  quietly.  On  ex- 
amining the  organs  after  death,  the  brain  and  spinal  cord  were 
very  bloodless ;  there  were  ecchymoses  in  the  lungs  ;  but  little 
else  characteristic.  The  experiment  quoted  has  a  direct  bearing 
upon  the  breathing  of  arsenical  dust;  as,  for  example,  that  which 
floats_  in  the  air  of  a  room  papered  with  an  easily  detached 
arsenical  pigment.  Other  experiments  on  birds  generally  have 
shown  that  the  symptoms  produced  by  arsenious  acid  in  solution, 
or  in  the  solid  form,  in  a  dose  insufficient  to  destroy  life,  are 
languor,  loss  of  appetite,  and  the  voidance  of  large  quantities  of 
liquid  excreta  like  verdigris.  With  fatal  doses,  the  bird  remains 
quiet ;  there  are  fluid,  sometimes  bloody,  excretions ;  spasmodic 
movements  of  the  pharynx,  anti-peristaltic  contraction  of  the 
oesophagus,  vomiting,  general  trembling  of  the  body,  thirst, 
erection  of  the  feathers,  and  laboured  respiration.  The  bird 
becomes  very  feeble,  and  the  scene  mostly  closes  with  insensibility 
and  convulsions. 

_  Mammals,  such  as  cats,  dogs,  &c.,  suffer  from  symptoms  fairly 
Identical  with  those  observed  in  man;  but  the  nervous  symptoms 
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(according  to  P.  Hugo)  do  not  predominate,  while  with  rabbits 
and  guinea-pigs,  nervous  symptoms  are  more  marked  and  con- 
stant.* There  are  vomiting,  purging,  and  often  convulsions  and 
paralysis  before  death.  It  has  been  noticed  that  the  muscles  after 
death  are  in  a  great  state  of  contraction.  The  slow  poisoning 
of  a  dog,  according  to  Lolliot,t  produced  an  erythematous  erup- 
tion in  the  vicinity  of  the  joints,  ears,  and  other  parts  of  the 
body ;  there  were  conjunctivitis,  increased  lachrymal  secretion, 
and  photophoba ;  the  hair  fell  off. 

§  625.  Effects  of  Arsenious  Acid  on  Man. — The  symptoms  pro- 
duced by  arsenious  acid  vary  according  to  the  form  of  the  poison 
— whether  solid,  vaporous,  or  soluble — according  to  the  condition 
of  bodily  health  of  the  person  taking  it,  and  according  to  the 
manner  in  which  it  is  introduced  into  the  animal  economy,  while 
they  are  also  in  no  small  degree  modified  by  individual  peculia- 
rities of  organisation  and  by  habit,  as,  for  instance,  in  the 
arsenic-eaters. 

Arsenic-Eaters. — In  all  European  countries  grooms  and  horse- 
dealers  are  acquainted  with  the  fact  that  a  little  arsenic  given 
daily  in  the  corn  improves  the  coat,  increases,  probably,  the 
assimilation  of  the  food,  and  renders  the  horse  plump  and  fat. 
On  the  Continent  grooms  have  been  known  to  put  a  piece  of 
arsenic,  the  size  of  a  pea,  in  a  little  oatmeal,  make  it  into  a 
ball,  tie  it  up  in  a  linen  rag,  and  attach  it  to  the  bit,  the  saliva 
dissolves,  little  by  little  the  poison,  while  both  the  gentle  irrita- 
tion and  physiological  action  excite  a  certain  amount  of  salivation, 
and  the  white  foam  at  the  mouth,  and  the  champing  of  the  horse, 
are  thought  vastly  to  improve  the  appearance.  Shot,  which  con- 
tains a  small  quantity  of  arsenic,  have  been  used  for  the  same 
purpose,  and  from  half  a  pound  to  a  pound  of  small  shot  has 
been  given  to  horses.  When  a  horse  has  been  for  a  long  time 
dosed  with  arsenic,  it  seems  necessary  to  continue  the  practice ; 
if  this  is  not  done,  the  animal  rapidly  loses  his  condition.  The 
explanation  probably  is  that  the  arsenic  stimulates  the  various 
cells  and  glands  of  the  intestinal  tract  to  a  superaction,  the 
natural  termination  of  which  is  an  enfeeblement  of  their  secreting 
power — this  especially  in  the  absence  of  the  stimulus.  Turning 
from  equine  involuntary  arsenic-eaters,  we  find  the  strange 
custom  of  arsenic  eating  voluntarily  pursued  by  the  races  of 
lower  Austria  and  Styria,  especially  by  those  dwelling  on  the 
mountains  separating  Styria  from  Hungary.  In  India  also 
(and  especially  in  the  Punjaub)  the  same  practice  prevails,  and 


*  Arcldv  f.  Exper.  Path.  u.  Pliarmahol.  Leipzig,  1SS2. 
t  iltude  Physiol.  d'Arsene.    Thhse,  Paris,  1868. 
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here  it  is  often  taken  as  an  aphrodisiac.  The  mountaineers 
imagine  that  it  increases  the  respiratory  power,  nor  is  there 
-wanting  some  evidence  to  show  that  this  is  actually  the  fact, 
and  medicinal  doses  of  arsenic  have  been  in  use  for  some  time 
in  cases  of  asthma  and  other  diseases  of  the  chest.  The  arsenic- 
eaters  begin  with  a  very  small  dose,  which  is  continued  for 
several  weeks  or  months,  until  the  system  gets  accustomed  to 
it.  The  amount  is  then  slightly  augmented  until  relative  large 
doses  are  taken  with  impunity.  In  one  case*  it  appears  that  a 
countryman,  in  good  health,  and  sixty  years  of  age,  took  daily 
four  grains  of  arsenious  acid,  a  habit  which  he  had  inherited 
from  his  father,  and  which  he  in  turn  bequeathed  to  his  son. 

The  existence  of  such  a  custom  as ,  arsenic  eating,  in  its 
literal  sense,  has  more  than  once  been  doubted,  but  all  who  have 
travelled  over  Styria  and  other  places  where  the  habit  prevails 
have  convinced  themselves  that  the  facts  have  not  been  overstated. 
For  example,  Dr.  Maclagan,  in  company  with  Dr.  J.  T.  Ilutter,t 
visited  Styria  in  1865,  and  having  carefully  weighed  5  or  6  grains 
of  arsenic,  saw  these  doses  actually  swallowed  by  two  men.  On 
collecting  their  urine,  about  two  hours  afterwards,  abundant 
quantitative  evidence  of  its  presence  was  found ;  but  in  neither 
of  the  men  were  there  the  slightest  symptoms  of  poisoning.  It 
is  obvious  that  the  existence  of  such  a  habit  might  seriously 
complicate  any  inquiry  into  arsenical  poisoning  in  these  regions. 

§  626.  Manner  of  Introduction  of  Arsenic. — Arsenious  acid 
exerts  a  poisonous  action,  whether  it  is  taken  by  the  stomach, 
or  introduced  into  the  system  by  any  other  channel  whatever. 
The  differences  in  the  symptoms  produced  by  external  applica- 
tion (as  through  a  wound),  and  by  swallowing  arsenious  acid 
in  substance  or  in  solution,  are  not  so  marked  as  might  be 
expected.  It  was  probably  Hunter  who  first  distinctly  recog- 
nised the  fact  that  arsenic,  even  when  introduced  outwardly 
by  application  to  an  abraded  surface,  exerts  a  specific  efiect  on 
the  mucous  membrane  of  the  stomach.  Brodief  states,  "  Mr. 
Home  informed  me  that  in  an  experiment  made  by  Mr.  Hunter 
himself,  in  which  arsenic  was  applied  to  a  wound  in  a  dog,  the 
a,nimal  died  in  twenty-four  hours,  and  the  stomach  was  found  to 
be  considerably  inflamed.  I  repeated  this  experiment  several 
times,  taking  the  precaution  of  always  applying  a  bandage  to 
prevent  the  animal  licking  the  wound.  The  result  was  that  the 
inflammation  of  the  stomach  was  commonly  more  violent  and 

*  Tardieu,  Op.  cil. 

t  Edin.  Med.  Journal,  April,  1865 ;  Brit,  and  For.  Med.  Chir.  Journ. 
Oct.,  1865.  ' 
X  Phil.  Trans.,  1812. 
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more  immediate  than  when  the  poison  was  administered  inter- 
nally, and  that  it  preceded  in  appearance  the  inflammation  of 
the  wound." 

§  627.  Cases  of  Poisoning  hy  the  External  Aiyplication  of  Arsenic. 
—The  mass-poisoning  hy  the  external  use  of  violet  powder  to 
infants,  which  occurred  in  England  some  few  years  ago,  is  still 
fresh  in  public  memory.  Two  deaths  from  this  cause  were  esta- 
blished by  coroners'  inquests.*  Dr.  Tidy  found  the  violet  powders 
used  in  the  two  cases  to  have  the  following  composition  :  


1. 


Per  cent. 
38-5 
54-8 
6-7 


2. 

Per  cent. 
38-3 
55-4 
6-3t 


Arsenious  Acid, 
Starch  (Potato), 
Magnesia,  &c.. 

Although  the  children  were  poisoned  by  absorption  through 
the  skin  (unless  it  is  allowed  that  some  may  have  found  its  way 
in  the  form  of  arsenical  dust  into  the  throat,  or,  what  is  still 
more  probable,  that  the  infants  may  from  time  to  time  have 
seized  the  puff-ball  and  sucked  it),  the  large  quantity  of  421  grm. 
(6-5  grains)  of  arsenious  acid  was  separated  in  the  one  case,  and 
•194  grm.  (3  grains)  in  the  other.  In  these  cases  arose  the 
question  which  is  sure  to  recur  in  legal  inquiries  into  poisoning 
by  absorption — -viz.,  whether  the  poison  lying  on  the  surface 
and  folds  of  the  skin  could  not  have  been  mixed  during  the 
post-mortem  examination  with  the  organs  of  the  body  ?  In  these 
particular  cases  special  care  appears  to  have  been  taken,  and  the 
answer  was  satisfactory.  It  is  not  amiss,  however,  to  call 
attention  to  the  extreme  precaution  which  such  instances 
necessitate. 

*  "Gleanings  in  Toxicology,"  by  C.  Meymott  Tidy,  M.B. — Lancet, 
Aug.  21,  1S7S. 

+  Two  recipes  were  handed  in  at  the  coroner's  inquest  which  pretty 
fairly  represent  the  composition  of  commercial  violet  powder  : — 

First  Quality,  sold  at  7s.  per  gross. 

Starch  Powder, 
Magnesia, 


Orris-root,  . 
Violet  Perfume, 
Essence  of  Roses, 

Second  Quality,  sold  at  6s.  per  gross. 

Terra  Alba  (Sulphate  of  Lime), 
Potato  Starch, 
Magnesia, 
Orris-root, 
Violet  Perfume, 
Essence  of  Roses, 


28  lbs. 
H  lb 
1 
1 


lb. 
oz. 
drops. 


14 
21 
3 


lbs, 
lbs. 
lbs. 
lilb. 
1^  oz. 
5  drops. 
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A  woman,  aged  fifty-one,  had  used  a  solution  of  arsenious  acid 
to  cure  the  itch ;  erysipelas  of  the  body,  however,  followed,  and 
she  died  after  a  long  illness — one  of  the  symptoms  noted  being 
trembling  and  paresis  of  the  limbs.*    In  a  case  recorded  by 
Desgranges,t  a  young  chambermaid  had  applied  to  the  un- 
wounded  scalp  an  arsenical  ointment  for  the  purpose  of  destroy- 
ing vermin.    She  also  suffered  from  a  severe  erysipelas,  and  the 
hair  fell  off.    Quacks  have  frequently  applied  various  arsenical 
"pastes  to  ulcers  and  cancerous  breasts  with  a  fatal  result.  In- 
stances of  this  abound;  in  one,  a  charlatan  applied  to  a  chronic  ulcer 
of  the  leg  an  arsenical  caustic ;  the  patient  showed  symptoms 
of  violent  poisoning,  and  died  on  the  sixth  day.  t    In  another,  a 
lady  suffering  from  some  form  of  tumour  of  the  breast,  applied 
to  an  unqualified  practitioner,  who  made  from  fifteen  to  twenty 
punctures  with  a  lancet  in  the  swelling,  covered  a  piece  of  bread 
with  an  arsenical  compound,  and  applied  thei  bread  thus  pre- 
pared to  the  breast.    Twelve  hours  afterwards  symptoms  of 
violent  gastric  irritation  commenced;   and  vomiting   and  a 
sanguinolent  diarrhoea  followed,  with  death  on  the  fifth  day. 
Arsenic  was  found  in  all  the  organs.  §    Such  examples  might  be 
multiplied.    Arsenic  has  been  in  more  than  one  case  introduced 
criminally  into  the  vagina  with  a  fatal  result. ||    Fobere,  e.g.,  has 
recorded  the  case  of  a  maid-servant  who  poisoned  her  mistress 
by  intentionally   administering    several    arsenical  enemata.^ 
Arsenious  acid  again  has  been  respired  in  the  form  of  vapour 
One  of  the  best  instances  of  this  is  recorded  by  Taylor,  and  was 
the  subject  of  a  trial  at  the  York  Lent  Assizes,  1864  The 
prisoner  placed  some  burning  pyrites  at  the  doorway  of  a  small 
room,  in  which  there  were  eight  children,  including  an  infant  in 
the  cradle.    The  other  children  were  removed  speedily,  but  the 
infant  was  exposed  to  the  vapour  for  an  hour ;  it  suff-ered  from 
vomiting  and  diarrhoea,  and  died  in  twenty-four  hours  There 
was  slight  inflammation  of  the  stomach  and  intestines,  the' 

*  Belloc,  3f6d.  Ldfj.,  t.  iv.,  p.  124. 

t  Becueil  de  la  Soc.  de  Med.  de  Paris,  t   vi    d    22    An    iHi  .  .i. 
Tardieu,  Mude  MM.  Legale,  sur  VEmpoisomLni  (S^s.  Ltv  ii 
t  Mean,  Bibliotlieque  M6d.,  t.  Ixxiv.,  1821  p  401 

§  Tardieu,  0^.         obs.  xxix.;  Dr.  Vernois,  Ann.  d'Hyq.  et  de  MH 
L6g.,  t.  xxxvi.,  1st.  ser.,  p.  141,  1846  • 
II  Ansiaulx,  Glinique  Chvrurrjicale.    Mangor  {Acta.  Societ.  lien.  Hafniens 

^  °^  ^         ^1^0  poisoned  his  three ^^?ves  ."e 

cessively  with  arsenic-the  two  last  by  introducins  into 
powder  composed  of  flour  and  arsenic.    Another  Sfar  ctp  l  rJi^^  ^ 
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brain  and  lungs  were  congested,  and  the  lining  membrane  of  tlie 
trachea  of  a  bright  red  colour.  Arsenic  was  detected  in  the 
stomach,  in  the  lungs,  and  spleen.  The  pyrites  contained  arsenic, 
and  the  fatal  fumes  were  in  effect  composed  of  sulphurous  and 
arsenious  acids. 

The  use  of  paper  covered  witli  arsenical  pigments,  as  wall- 
paper in  bed  and  sitting  rooms,  has  often  produced  disease  ; 
sometimes  from  the  arsenical  dust  being  breathed,  sometimes 
from  the  production  of  arsine  (arseniuretted  hydrogen),  and 
possibly  from  some  uninvestigated  volatile  compound.  Recently 
I  examined  a  wall-paper,  which,  on  analysis,  yielded  arsenic 
equal  to  8  grains  of  arsenious  acid  in  every  square  foot ;  it  was 
a  portion  of  a  wall-paper  from  the  bedroom  of  a  gentleman,  who 
bad  for  many  months  suffered  from  an  obscure  malady,  whicli 
had  baffled  the  eminent  men  whom  he  had  consulted.  The 
paper  in  question  had  a  few  green  leaves  on  a  quiet  drab- 
coloured  ground.  On  the  discovery  of  its  arsenical  properties, 
he  removed  to  another  bedroom,  with  immediate  and  marked 
improvement  in  health.  Most  analysts  in  practice  have  met 
with  similar  instances,  and  a  considerable  number  are  on 
record  in  medical  literature. 

§  628.  Forms  of  Arsenical  Poisoning. — There  are  at  least  four 
distinct  forms  of  arsenical  poisoning— viz. ,  an  acute,  subacute, 
a  nervous,  and  a  chronic  form. 

Acute  Form.— All  those  cases  in  which  the  inflammatory 
symptoms  are  severe  from  the  commencement,  and  in  which  the 
sufferer  dies  within  twenty-four  hours,  may  be  called  acute. 
The  commencement  of  the  symptoms  in  these  cases  is  always 
within  the  hour;  they  have  been  known,  indeed,  to  occur  withm 
eio-ht  minutes,  but  the  most  usual  time  is  from  twenty  minutes 
to"  half  an  hour.  There  is  an  acrid  feeling  m  the  throat,  with 
nausea  :  vomiting  soon  sets  in,  the  ejected  matters  being  at  first 
composed  of  the  substances  eaten;  later  they  may  be  bilious 
or  even  bloody,  or  composed  of  a  whitish  liquid.  Diarrhoea 
follows  and  accompanies  the  vomiting,  the  niotions  are  some- 
times like  those  met  with  in  ordinary  diarrhoea  and  English 
cholera,  and  sometimes  bloody.  There  is  coldness  of  the  extremi- 
ties, with  great  feebleness,  and  the  pulse  is  small  and  difficult 
to  feel.  The  face,  at  first  very  pale,  takes  a  bluish  tint,  the 
temperature  falls  still  lower;  the  patient  sinks  m  collapse,  and 
death  takes  place  in  from  five  to  twenty  hours  after  the  taking 

'^STerrcan  scarcely  be  said  to  be  any  clinical  feature  whi.h 
disWuishes  the  above  description  from  that  of  cholera;  and 
supS  that  cholera  were  epidemic,  and  no  suspicious  circum- 
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stance  apparently  present,  there  can  be  little  doubt  that  a  most 
experienced  physician  might  mistake  the  cause  of  the  malady, 
unless  surrounding  circumstances  give  some  hint  or  clue  to  it. 
In  the  acute  form  diarrho3a  may  be  absent,  and  the  patient  die, 
as  it  were,  from  "  shock."  This  was  probably  the  cause  of  death 
in  a  case  related  by  Casper,*  that  of  Julius  Bolle,  poisoned  by  his 
wife.  He  took  an  unknown  quantity  of  arsenic  in  solution  at 
seven  in  the  morning,  and  in  about  three  quarters  of  an  hour 
afterwards  suffered  from  pain  and  vomiting,  and  died  in  little 
more  than  three  hours.  There  were  no  signs  of  inflammation 
in  the  stomach  and  intestines,  but  from  the  contents  of  the 
stomach  were  separated  -0132  grm.  of  arsenious  acid,  and 
•00513  grm.  from  pieces  of  the  liver,  spleen,  kidneys,  lung,  and 
blood.  The  dose  actually  taken  is  supposed  not  to  have  been 
less  than  "388  grm.  (6  grains). 

§  629.  The  Subacute  Form. — The  subacute  form  is  that  which 
is  most  common;  it  exhibits  some  variety  of  phenomena,  and 
individual  cases  vary  much  in  the  matter  of  time.    The  com- 
mencement of  symptoms  is,  as  in  the  most  acute  form,  usually 
within  the  hour,  but  exceptions  to  this  rule  occur.    In  a  case 
quoted  by  Taylor,!  and  recorded  by  M.  Tonnelier,  the  poison 
did  not  cause  any  marked  illness  for  eight  hours  ;  it  was  found, 
on  post-mortem  examination,  that  a  cyst  had  been  formed  in  the 
stoma,ch  which  sheathed  the  arsenic  over,  and  in  some  decree 
explained  this  delay.    In  another  case,  again,  ten  hours  elap'sed, 
and  this  is  considered  to  be  the  maximum  period  yet  observed. 
As,  with  the  acute  form,  there  is  a  feeling  of  nausea,  followed 
by  vomiting,  which  continues  although  the  stomach  is  quite 
empty;  at  first  the  ejected  matter  is  a  watery  fluid,  but  later  it 
may  be  streaked  with  blood.    The  tongue  is  thickly  coated; 
there  is  great  thirst,  but  the  drinking  of  any  liquid  (even  of  ice- 
cold  water)  increases  the  vomiting.   Nearly  always  pain  is  felt  in 
the  epigastrium,  spreading  all  over  the  abdomen,  and  extending 
to  the  loin  (which  is  tense  and  tender  on  pressure).  Deo'lu- 
tition  IS  often  painful,  and  is  accompanied  by  a  sort  of  spasmodic 
constriction  of  the  pharyngeal  muscles.    Diarrhoea  follows  the 
vomiting,  and  has  the  same  characters  as  that  previously  de- 
scribed; occasionally,  however,  this  feature  is  absent.    In  the 
case  recorded  by  Martineau,t  a  man,  aged  twenty-five,  was  seized 
at  10  a.m.  suddenly  with  vomiting,  which  persisted  all  that  day 


*  Case  188  in  Casper's  Handhuch. 
FlLS^vS  -C^^tt"  °f  Jurisprudence,"  vol.  i.,  p.  251. 

t  Tardieu,  Op.  oil.,  obs.  xix. 

33 


514  POISONS  :   THEIR  EFFECTS  AND  DETECTION.         [§  629. 

and  the  next,  during  which  time  the  bowels  were  obstinately- 
confined.  On  the  second  day  a  purgative  was  administered, 
whereupon  diarrhoea  set  in,  and  continued  until  his  death,  which 
occurred  in  about  two  days  and  sixteen  hours  from  the  com- 
mencement of  the  symptoms.  This  case  is  also  remarkable  from 
the  absence  of  pain  or  tenderness  of  the  abdomen. 

In  subacute  cases  the  urine  has  several  times  been  suppressed, 
and  it  is  generally  scanty  and  red  in  colour.  Irregularity  of  the 
heart's  action  and  feebleness  are  tolerably  constant  phenomena. 
As  the  end  approaches,  there  is  excessive  muscular  weakness, 
the  face  is  pale,  the  eyes  hollow ;  the  mucous  membranes  first, 
and  then  the  skin,  takes  a  bluish  tint ;  the  skin  itself  is  covered 
with  perspiration,  and  there  has  been  noticed  a  peculiar  odour, 
which  has  been  likened  to  arsine  (arseniuretted  hydrogen).  The 
respiration  is  troubled,  convulsive  movements  of  the  limbs  have 
been  observed,  and  cramps  in  the  calves  of  the  legs;  death 
follows  in  a  variable  time — from  twenty-four  hours  to  several 
days.  In  certain  cases  there  is  a  curious  remission  after  violent 
symptoms,  the  patient  rallies  and  seems  to  have  recovered ;  but 
the  appearance  is  deceptive,  for  the  symptoms  recur,  and  death 
follows.  Recovery  may  also  take  place  partially  from  the 
primary  effects,  and  then  inflammatory  changes  in  the  stomach, 
&c.,  set  in,  with  fever  and  the  ordinary  symptoms  which  are 
common  to  all  internal  inflammation. 

A  single  dose  of  arsenious  acid  may  cause  a  prolonged  and 
fatal  illness,  one  of  the  best  known  examples  being  that  of  the 
suicide  of  the  Due  de  Praslin,*  who  took  with  suicidal  intent,  on 
Wednesday,  August  18,  1847,  a  dose  of  arsenious  acid.  The  exact 
time  of  the  act  could  not  be  ascertained,  but  the  first  efiects 
appeared  at  10  p.m.;  there  were  the  usual  signs  of  vomiting, 
followed  on  the  next  day  by  diarrhoea,  fainting,  and  extreme 
feebleness  of  the  pulse.  On  Friday  there  was  a  remission  of 
the  symptoms,  but  great  coldness  of  the  limbs,  intermittency 
and  feebleness  of  the  heart's  action,  and  depression.  On 
Saturday  there  Avas  slight  fever,  but  no  pain  or  tenderness  in 
the  abdomen,  vomiting,  or  diarrhoea;  on  this  day  no  urine  was 
passed.  On  the  Sunday  he  complained  of  a  severe  constriction 
of  the  throat,  and  deglutition  was  extremely  painful ;  thirst  was 
extreme,  the  tongue  intensely  red,  as  well  as  the  mucous  mem- 
brane of  the  mouth  and  pharynx,  and  the  patient  had  a  sensation 
of  burning  from  the  mouth  to  the  anus.  The  abdomen  was 
painful  and  distended,  the  heat  of  the  skin  was  pronounced, 

*  Tardieu,  Sdlation  Medico- Legale  de  V Assassinat  de  la  Duchesse  de  Praslin. 
Ann.  d'Hyg.  Pub.  et  de  Midico-Leg.,  1847,  t.  xxxviii.,  p.  390;  also  Op.  at., 
obs.  xi. 
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the  pulse  frequent  and  irregular — sometimes  strong,  at  others 
feeble,  the  bowels  had  to  be  relieved  by  injections,  the  urine 
was  in  very  small  quantity;  during  the  night  there  was  no 
sleep.  The  duke  died  at  4.35  a.m.,  on  Tuesday  the  24th,  the 
sixth  day;  intelligence  was  retained  to  the  last.  As  the  end 
approached  the  respiration  became  embarassed,  the  body  ex- 
tremely cold,  and  the  pulse  very  frequent. 

§  630.  In  the  nervous  form  the  ordinary  vomiting  and 
purging  are  either  entirely  suppressed,  or  present  in  but  feeble 
degree;  and  under  this  heading  are  classed  the  rare  cases  in 
which,  in  place  of  the  ordinary  symptoms,  affections  of  the 
nervous  system  predominate.  ISTarcotism,  paresis,  deepening 
into  paralysis,  delirium,  and  even  acute  mania,  as  well  as 
epileptiform  convulsions,  have  all  been  recorded.  In  short,  the 
symptoms  show  so  much  variety,  that  an  idea  of  the  malady 
produced  in  this  very  I'are  form  can  only  be  obtained  by  studying 
the  clinical  history  of  cases  which  have  presented  this  aspect. 
In  a  case  recorded  by  Guilbert,*  a  man,  thirty -five  years  of  age, 
had  swallowed  a  solution  of  arsenic,  half  of  which  was  immediately 
rejected  by  vomiting.  A  little  while  afterwards  his  respiration 
became  laborious;  the  eyes  were  bathed  with  tears,  which  were 
so  acrid  as  to  inflame  the  eyelids  and  the  cheeks;  the  muscles  of 
the  face  were  from  time  to  time  convulsed ;  he  perspired  much, 
and  the  perspiration  had  a  foetid  odour;  there  was  some  diarrhoea, 
the  urine  was  suppressed,  and  from  time  to  time  he  was  delirious. 
Afterwards  the  convulsions  became  general,  and  the  symptoms 
continued  with  more  or  less  severity  for  five  days.  On  the  sixth 
a  copious  miliary  eruption  broke  out,  and  the  symptoms  became 
less  severe.  The  eruption  during  fifteen  days  every  now  and 
again  reappeared,  and  at  the  end  of  that  time  the  patient  was 
convalescent,  but  weak,  liable  to  ophthalmias,  and  had  a  universal 
trembling  of  the  limbs. 

In  one  of  Brodie'sf  experiments  on  rabbits,  7  grains  of  arsenious 
acid  was  inserted  in  a  wound  in  the  back ;  the  effect  of  which 
was  to  paralyse  the  hind  legs.  In  other  experiments  on  animals, 
paralysis  of  the  hind  legs  has  been  frequently  noticed,  but  para- 
lysis certainly  is  rare  in  man;  in  the  case,  however,  recorded  by 
Barrier,  t  of  the  five  men  who  took  by  mistake  a  solution  of 
arsenious  acid,  one  of  them  was  found  stretched  on  the  crround 
with  the  inferior  extremities  paralysed. 

*  Journal  de  Van  der  Monde,  1756,  t.  iv.,  p.  353.     Tardieu,  Op  cit 
obs.  xiii.,  p.  430.  ' 
i  The  Action  of  Poisons,  Phil.  Trans.,  1812. 

X  Journ.  de  Medecine,  1783,  p.  353.    Tardieu,  Op  cit.,  obs.  xiv.,  p.  431. 
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In  a  case  of  "mass"  poisoning  reported  by  Dr.  Coqueret,* 
three  persons  ate  by  mistake  an  unknown  quantity  of  arsenious 
acid—two  of  them  only  suffered  slightly,  but  the  third  severely, 
vomiting  occurring  almost  immediately,  and  continuing  with 
frequency  until  the  end  of  the  fourth  day.  Two  hours  after 
swallowing  the  poison,  the  patient  took  the  hydrated  oxide  of 
iron  as  an  antidote.  On  the  sixth  day  there  was  stupor  and  a 
semi-delirious  state,  with  an  eruption  of  a  pustular  character 
compared  to  that  of  the  small-pox.  These  symptoms  continued 
more  or  less  until  the  fifteenth  day,  when  they  diminished,  and 
ultimately  the  patient  recovered.  In  a  case  related  by  Tardieu,t 
in  which  a  person  died  on  the  eleventh  day  from  the  effects  of 
the  poison;  towards  the  end,  as  a  specially  marked  symptom, 
there  was  noted  hyperEesthesia  of  the  inferior  extremities,  so 
that  the  least  touch  was  painful. 

§  631.  Absence  of  Symptoms.— a  few  cases  there  have  been 
a  remarkable  absence  of  symptoms,  and  this  both  in  man  and 
animals.  Seven  horses  were  fed  with  oats  accidentally  mixed 
with  arseniate  of  soda.  The  first  succumbed  three  hours  after 
taking  the  poison,  without  having  presented  any  symptom 
whatever;  he  fell  suddenly,  and  in  a  short  time  expired. J  It  is 
related  by  Orfila,§  that  a  woman,  aged  twenty-seven,  expired  in 
about  twelve  hours  from  a  large  dose  of  arsenious  acid ;  there 
were  the  usual  j)Ost-mortem  appeai'ances,  but  in  life  no  sign  of 
pain,  no  vomiting,  and  but  little  thirst. 

§  632.  Slow  Poisoning. — Slow  poisoning  has  been  caused 
accidentally  by  arsenical  wall-paper,  in  the  manufacture  of 
arsenical  pigments,  by  the  admixture  of  small  quantities  of 
arsenic  with  salt  or  other  condiments,  and  repeated  small  doses 
have  been  used  for  criminally  producing  a  fatal  illness  intended 
to  simulate  disease  from  natural  causes.  The  illness  produced  by 
small  intermittent  doses  may  closely  resemble  in  miniatuj-e, 
as  it  were,  those  produced  by  large  amounts ;  but,  on  the  other 
hand,  they  may  be  different  and  scarcely  to  be  described  other- 
wise than  as  a  general  condition  of  ill-health  and  malaise.  In 
such  cases  there  is  loss  of  appetite,  feebleness,  and  not  un- 
frequently  a  slight  yellowness  of  the  skin.  A  very  constant 
effect  seen,  when  a  solution  of  arsenious  acid  is  given  continuously 
for  a  long  time,  is  an  inflammation  of  the  conjunctive,  as  well  as 
of  the  nasal  mucous  membrane — the  patient  complains  of  "always 

*  Journ.  de  Connaiss.  Med.  Chiruvrj.,  18.39,  p.  155.  Tardieu,  Op.  clL,  obs. 
XV.,  p.  482. 

f  Op.  cit.,  obs.  xvii.,  p.  434. 

t  Bouley  (Jeune),  Ann.  d'Hijg.  et  de  M6dko-Leg.,  1834,  t.  xii.,  p. 
%  Tome  i.,  obs.  iv:,  p.  314. 
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having  a  cold."  This  imflammatory  action  also  affects  the  pharynx, 
and  may  extend  to  the  air-passages,  and  even  to  the  lung-tissue. 
At  the  same  time  there  is  often  seen  an  exanthem,  which  has 
received  a  specific  name — "eczema  arsenicale."  Salivation  is 
present,  the  gums  are  sore,  at  times  lacerated.  In  chronic 
poisoning  by  arsenic,  nervous  symptoms  are  almost  constant, 
and  exhibit  great  variety;  there  may  be  numbness,  or  the 
opposite  condition,  hypersesthesia,  in  the  extremities.  In  certain 
cases  fainting,  paresis,  paralysis,  and  sometimes  convulsions 
occur ;  towards  the  end  a  sort  of  hectic  fever  supervenes,  and 
the  patient  dies  of  exhaustion. 

§  633.  Post-mortem  Appearances  in  Animals. — P.  Hugo*  has 
recently  made  some  minute  researches  as  to  the  pathological 
appearances  met  with  in  animals.  His  experiments  were  made 
on  seven  dogs,  eight  guinea-pigs,  five  rabbits,  two  pigeons,  and 
five  cats — all  poisoned  by  arsenious  acid.  According  to  Hugo, 
so  far  as  these  animals  were  concerned,  changes  were  more 
constant  in  the  intestine  than  in  the  stomach. 

Stomach. — Changes  in  the  mucous  membrane  were  especially 
noticed  in  the  great  curvature  and  toAvards  the  pylorus ;  the 
pylorus  itself,  and  a  part  of  the  cardiac  portion,  remained 
unchanged.  The  mucous  membrane  in  dogs  and  cats  was  red, 
with  a  tinge  of  blue — in  many  cases  the  redness  was  in  streaks, 
with  injection  of  the  capillaries.  The  stomach  of  plant-eaters 
was  less  altered,  and  a  microscopical  examination  of  the  mucous 
tissues  did  not  show  any  fatty  change. 

The  Intestines. — In  dogs  and  cats  changes  were  evident;  in 
rabbits  and  guinea-pigs  they  were  not  so  marked,  but  the 
intestines  of  the  last  were  extremely  tender  and  brittle,  very 
moist,  and  filled  with  a  slimy,  serous,  grey-white  fluid  ;  neverthe- 
less, the  changes  in  all  these  animals  appear  to  be  of  essentially 
the  same  nature.  The  most  striking  effect  is  the  shedding  of  a 
pseudo-membrane ;  in  quite  recent  cases  there  is  a  layer  of  from 
1  to  }^  mm.  wide  of  a  transparent,  frog-spawn-like  jelly  streaking 
the  intestine.  In  later  stages  it  becomes  thicker,  while  occasion- 
ally it  resembles  a  diphtheritic  exudation.  The  mucous  mem- 
brane itself  is  deep  purple-red,  showing  up  by  the  side  of  the 
pseudo-membrane.  With  regard  to  the  villi,  the  epithelial  layer 
is  detached,  and  the  capillary  network  filled  with  blood  and 
enlarged.  • 

The  Liver.— Hugo  met  only  occasionally  with  fatty  degenera- 
tion of  the  liver,  but  there  was  marked  steatose  of  the  epithelium 
of  the  gall-bladder  of  dogs.    A  fact  not  prominently  noticed 

*  Beitrar/e  zurPatholorjie  der  acuten  Arsenikverfjiftung.,  Archiv  fur  Exver 
Fathol.  u.  Pharmakol.    Leipzig,  1882.  ^  •  ^ 
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before,  is  (at  all  events,  in  dogs)  a  serous  transudation  into  the 
pleural  sac  and  acute  (fidema  of  the  lungs ;  the  exudation  may- 
be excessive,  so  that  more  than  100  cc.  of  serous  fluid  can  be 
obtained  from  the  thorax ;  there  is  also  usually  much  fluid  in  the 
pericardium.  In  two  of  Hugo's  experiments,  there  Avas  fluid  in 
the  cerebral  ventricles ;  and  in  all  there  was  increased  moisture 
of  the  brain  substance  with  injection  of  the  capillary  vessels, 
especially  of  the  pia. 

§  634.  Post-mortem  Apjjearances  in  Man. — ^When  arsenious  acid 
is  swallowed  in  substance  or  solution,  the  most  marked  change  is 
that  in  the  mucous  membrane  of  the  stomach  and  intestines;  and, 
even  when  the  poison  has  been  absorbed  by  the  skin,  or  taken  in 
any  other  way,  there  may  be  a  very  pronounced  inflammatory 
action.  On  the  other  hand,  this  is  occasionally  absent.  Orfila  * 
relates  a  case  in  which  a  man  died  in  thirteen  hours  after  having 
taken  12  grms.  of  arsenious  acid  : — "  The  mucous  membrane  of  the 
stomach  presented  in  its  whole  extent  no  trace  of  inflammation,  no 
redness,  and  no  alteration  of  texture."  Many  other  similar  cases 
are  on  record  ;  and,  according  to  Harvey's  statistics,  in  197  cases, 
36  (about  18-2  per  cent.)  presented  no  lesion  of  the  stomach. 

The  usual  changes  produced  by  arsenious  acid  may  be 
studied  in  the  museums  of  the  London  hospitals.  In  Guy's 
Hospital  Museum  I  found  three  preparations.  In  preparation 
1798^2  ig  ggen  a  large  stomach  with  the  mucous  membrane  at 
certain  points  abraded,  and  at  the  great  curvature  the  whole 
coats  are  thinned ;  it  is  also  somewhat  congested.  In  preparation 
1798*'*  is  a  portion  of  coagulated  lymph,  from  the  stomach  of  a 
lad  aged  fourteen,  who  had  taken  accidentally  a  piece  of  cheese 
charged  with  arsenious  acid,  prepared  for  the  purpose  of  destroy- 
ing rats.  He  lived  twenty-eight  hours,  and  presented  the 
ordinary  symptoms.  The  lymph  has  a  membranous  appearance, 
and  the  rugae  of  the  stomach  are  impressed  upon  it.  It  is  said 
when  recent  to  have  presented  numerous  bright  bloody  spots, 
although  there  was  no  visible  breach  of  substance  on  the  surface 
of  the  stomach.  The  mucous  membrane  of  the  stomach  is  stated 
to  have  been  injected,  and  there  was  also  diffuse  injection  of  the 
duodenum.  Preparation  179880  is  the  stomach  of  a  person  who 
survived  thirteen  hours  after  taking  a  fatal  dose  of  arsenious 
acid ;  and  in  the  same  museum  there  is  a  wax  model  of  the 
appearances  which  the  fresh  preparation  exhibited,  showing  a 
large  oval  patch  coated  with  mucous  and  the  poison.  The 
stomach  was  intensely  inflamed,  the  caBCum  injected.  The  rest 
of  the  intestine  was  healthy. 


*  Tome  i,,  obs.  v. 
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In  the  museum  of  XJniA-ersity  College  there  are  two  preparations, 
one  *  exhibiting  intense  swelling  and  congestion  of  the  gastric 
mucous  membrane,  which  is  of  a  perfectly  vermilion  colour. 
Another  preparation  (No.  2868)  shows  the  effect  of  a  small  dose 
of  arsenic  on  the  stomach ;  there  are  spots  of  arborescent  extrava- 
sation, and  slight  congestion  of  the  summits  of  the  rugse,  but  in 
other  respects  it  is  normal.  There  is  also  a  cast  of  Peyer's  patches 
from  the  same  case,  showing  great  prominence  of  the  glands,  with 
some  injection  of  the  intestinal  mucous  membrane. 

In  St.  Thomas'  Hospital  there  is  an  interesting  preparation 
(No.  8)  showing  the  gastric  mucous  membrane  dotted  all  over  with 
minute  ulcers,  none  of  which  have  an  inflammatory  zone.f  I 
have  not,  however,  seen  in  any  museum  a  preparation  of  the 
curious  emphysematous  condition  of  the  mucous  membrane, 
which  has  more  than  once  been  met  with.  For  example,  in  a 
case  related  by  Tardieu,t  Schwann,  a  labourer,  died  from  the 
effects  of  arsenic  in  thirty-six  hours.  The  autopsy  showed  that 
the  mucous  membrane  of  the  stomach  and  small  intestine  was 
covered  with  a  pasty  coating,  and  was  elevated  in  nearly  its  whole 
extent  by  bullse  filled  with  gas,  forming  true  emphysematous 
swellings  which  encroached  upon  the  diameter  of  the  intestine. 
There  was  neither  redness  nor  ulceration,  but  the  mucous  mem- 
brane was  softened. 

I  also  saw  a  few  years  ago  at  Barnard  Castle  an  autopsy  made 
on  a  gentleman  who  died  from  arsenic.  In  this  case  the  mucous 
membrane  of  the  stomach  presented  a  peculiar  appearance,  being 
raised  here  and  there  by  little  blebs,  and  very  slightly  reddened. 

§  635.  The  inflammatory  and  other  changes  rarely  affect  the 
gullet.  Brodie  §  never  observed  inflammation  of  the  oesophagus 
as  an  effect  of  arsenic  ■  but,  when  arsenic  is  swallowed  in  the  solid 
state,  as  in  the  suicide  of  Soufilard,  graphically  described  by 
Orfila,  II  it  may  be  affected.  In  Soufflard's  case  there  was  a  vivid 
injection  of  the  pharynx  and  gullet. 

In  many  instances,  when  the  arsenic  has  been  taken  in  the 
solid  form,  tlwe  crystals  with  mucous  and  other  matters  adhere  to 
the  lining  membrane.  I  have  seen  in  the  stomach  of  a  horse, 
poisoned  by  an  ounce  of  arsenic,  an  exquisite  example  of  this. 

*  This  preparation  at  the  time  of  my  visit  had  no  number. 

t  In  a  case  related  by  Orfila,  t.  i.,  obs.  xv.,  death  resulted  from  the  out- 
ward application  of  arsenic ;  tlie  mucous  membrane  of  the  stomach  was 
natural  in  colour,  but  there  were  four  ulcers,  one  of  which  was  fifty  centi- 
metres in  diameter. 

X  Op.  cit. ,  obs.  i. ,  p.  468. 

§  Phil  Trans.,  1812. 

II  T.  i.,  p.  319. 
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The  inflammatory  changes  may  be  recognised  many  months  after 
aeath  owing  to  the  antiseptic  properties  of  arsenic;  nevertheless 
great  caution  is  necessary  in  giving  an  opinion,  for  there  is  often 
a  remarkable  redness  induced  by  putrefactive  changes  in  healthy 
stomachs.  Casper*  on  this  point  very  justly  observes— "If 
Urtla  quotes  a  case  from  Lepelletier,  in  which  the  inflammatory 
redness  of  the  mucous  membrane  of  the  stomach  was  to  be  recoc^- 
nised  after  nine  months'  interment,  and  if  Taylor  cites  two  cases 
in  which  it  was  observed  nineteen  and  twenty-one  months  after 
death  respectively,  this  is  in  contradiction  of  all  that  I,  on  my 
part,  have  seen  in  the  very  numerous  exhumed  corpses  examined 
by  me  in  relation  to  the  gradual  progress  of  putrefaction  and  of 
saponification,  and  I  cannot  help  here  suspecting  a  confusion  with 
the  putrefactive  imbibition  redness  of  the  mucous  membrane." 

If  examined  microscopically,  the  liver  and  kidneys  show 
no   change,    save   a  fatty   degeneration   and   infiltration  of 
the    epithelial    cells.      In  the  muscular    substance    of  the 
heart,   under  the  endocardium,   there   is   almost  constantly 
noticed  ecchymosis.      In  the  most   acute  cases,   in  which 
a  cholera-like  diarrhcea  has  exhausted  the  sufierer,  the  blood 
may  be   thickened   from    loss  of  its    aqueous  constituents, 
and  the  whole  of  the  organs  will  present  that  singularly  dry 
appearance,  found  in  all   cases  in  which  there  has  been  a 
copious  draining  away  of  the  body  fiuids.      In  the  narcotic 
form  of  arsenical  poisoning,  the  vessels  of  the  brain  have  been 
noted  as  congested,  but  this  congestion  is  neither  marked  nor 
pathognomonic.    Among  the  rare  pathological  changes  may  be 
classed  glossitis,  in  which  the  whole  tongue  has  swollen,  and  is 
found  so  large  as  almost  to  fill  the  mouth.    This  has  been  ex- 
plained, in  one  case,  as  caused  by  solid  arsenious  acid  having 
been  left  a  little  time  in  the  mouth  before  swallowing  it.  On 
the  other  hand,  it  has  also  been  observed  when  the  poison  has 
been  absorbed  from  a  cutaneous  application.    When  arsenic  has 
been  introduced  into  the  vagina,  the  ordinary  traces  of  inflam- 
matory action  have  been  seen,  and,  even  without  direct  contact, 
an  inflammation  of  the  male  and  female  sexual  organs  has  been 
recorded,  extending  so  far  as  gangrene.     As  a  rule,  putre- 
faction is  remarkably  retarded,  and  is  especially  slow  in  those 
organs  which  contain  arsenic;  so,  that  if  the  poison  has  been 
swallowed,  the  stomach  will  retain  its  form,  and,  even  to  a  certain 
extent,  its  natural  appearance  for  an  indefinite  period.  In 
corpses  long  buried  of  persons  dying  from  arsenical  poisoning,  the 
ordinary  process  of  decay  gives  place  to  a  saponification,  and  such 
bodies  present  a  striking  contrast  to  others  buried  in  the  same 
*  Handbudi.  vol.  ii.,  p.  420. 
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graveyard.  This  retardation  of  putrefaction  is  what  might, 
%  priori,  be  expected,  for  arsenic  has  been  long  in  use  as  a. 
preservative  of  organic  tissues. 

§  636.  Physiological  Action  of  Arsenic. — The  older  view  with 
regard  to  the  essential  action  of  arsenic  was,  without  doubt,  that 
the  effects  were  mainly  local,  and  that  death  ensued  from  the 
corrosive  action  on  the  stomach  and  other  tissues— a  view  which  is. 
in  its  entirety  no  longer  accepted ;  nevertheless,  it  is  perfectly 
true  that  arsenic  has  a  corrosive  local  action:  it  will  raise  blisters 
on  the  skin,  will  inflame  the  tongue  or  mucous  membranes  with, 
which  it  comes  in  contact;  and,  in  those  rapid  cases  in  which, 
extensive  lesions  have  been  found  in  the  alimentary  canal,  it  can 
hardly  be  denied  that  instances  of  death  have  occurred  more  from 
the  local  than  the  constitutional  action.  In  the  vast  majority  of 
cases,  however,  there  is  certainly  insufiicient  local  action  to 
account  for  death,  and  we  must  refer  the  lethal  result  to  a  more 
profound  and  intimate  effect  on  the  nervous  centres.  The  curious 
fact,  that,  when  arsenic  is  absorbed  from  a  cutaneous  surface  or 
from  a  wound,  the  mucous  membrane  of  the  stomach  inflames,, 
is  explained  by  the  absorption  of  the  arsenic  into  the  blood  and 
its  separation  by  the  mucous  membrane,  in  its  passage  exerting 
an  irritant  action.  The  diarrhcsa  has  been  referred  to  a  paralysis 
of  the  splanchnic  nerves,  but  Esser  considers  it  due  to  an  irritation 
of  the  ganglia  in  the  intestinal  walls.  Binz  has  advanced  a  new 
and  original  theory  as  to  the  action  of  arsenious  acid;  he  con- 
siders that  the  protoplasm  of  the  cells  of  many  tissues  possess 
the  power  of  oxidising  arsenious  acid  to  arsenic  acid,  and  this 
arsenic  acid  is  again,  by  the  same  agency,  reduced  to  arsenious 
acid;  in  this  way,  by  the  alternate  oxidation  and  reduction  of 
the  arsenious  acid,  the  cells  are  decomposed,  and  a  fatty  degenera- 
tion takes  place.  Thus  arsenic  causes  fatty  changes  in  the  liver, 
kidney,  and  other  cells  by  a  process  analogous  to  the  action  of 
phosphorus.  A  notable  diminution  of  arterial  pressure  has  been 
observed.  In  an  experiment  by  Hugo*  -03  grm.  of  As^Og  was. 
injected  intravenously,  the  normal  arteral  pressure  being  178 
mm.  Ten  minutes  after  injection  the  pressure  sank  to  47  mm.;  in 
sixteen  minutes  it  again  rose  to  127  mm. 

§  637.  Elimination  of  Arsenic. — Arsenic  is  separated  especially 
by  the  urine,t  then  through  the  bile,  and  by  the  perspiration.  It 

*  Op.  cit. 

t  An  old  experiment  of  Orfila's  has  some  practical  bearings,  and  may  be 
cited  here.  A  dog  was  treated  by  -12  grm.  of  arsenious  acid,  and  supplied 
plentifully  with  liquid  to  drink;  his  urine,  analysed  from  time  to  time  during 
ten  days,  gave  abundant  evidences  of  arsenic.  On  killing  the  animal  by 
hanging  on  the  tenth  day,  no  arsenic  could  be  detected  in  any  of  the  organs 
of  the  body;  it  had  been,  as  it  were,  washed  out. 
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eliSw.^n*f'  f     from  five  to  six  hours,  but  the 

elimiimtion  from  a  single  dose  is  not  finished  till  a  i^eriod  of 
from  five  to  eight  days;  it  has  often  been  looked  fo^  twelve 
tiL "^^^y  '^^^^"^  Accumulative 
dtr.  ''T''  ^"^"^  ^^^^  skin  diseases, 

evTl  rfsX"""^  ™°       '  """""^ 

§  638.  Antidote  and  Treatment.— In  any  case  in  which  there  is 
opportunity  for  immediate  treatment,  ferric  hydrate  should  be 
administered  as  an  antidote.  Ferric  hydrate  converts  the  soluble 
arsenious  acid  into  the  insoluble  ferric  arseniate,  the  ferric  oxide 
being  reduced  to  ferrous  oxide.  It  is  necessary  to  use  ferric 
hydrate  recently  prepared,  for  if  dried  it  changes  into  an 
oxyhydrate,  or  even  if  kept  under  water  the  same  change  occurs, 
so  that  (according  to  the  experiments  of  Messrs.  T.  &  H.  Smith) 
after  four  months  the  power  of  the  moist  mass  is  reduced  to  one- 
half,  and  after  five  months  to  one-fourth. 

It  is  obvious  that  ferric  hydrate  is  not  in  the  true  se*ase  of  the 
word  an  antidote,  for  it  will  only  act  when  it  comes  in  contact 
Avith  the  arsenious  acid;  and,  when  once  the  poison  has  been, 
removed  from  the  stomach  by  absorption  into  the.  tissues,  the 
administration  of  the  hydrate  is  absolutely  useless.  Ferric 
hydrate  may  be  readily  prepared  by  adding  strong  ammonia  to 
the  solution  or  tincture  of  ferric  chloride,  found  in  every  medical 
man's  surgery  and  in  every  chemist's  shop,  care  being  taken  to 
add  no  caustic  excess  of  ammonia;  the  liquid  need  not  be  filtered, 
but  at  once  administered.  With  regard  to  other  methods  of 
medical  treatment,  they  are  simply  those  suggested  by  the 
symptoms  and  well-known  effects  of  the  poison.  When  absorbed, 
the  drinking  of  water  in  excess  cannot  but  assist  its  elimination 
by  the  kidneys. 

§  639.  Detection  of  Arsenic. — The  analyst  may  have  to  identify 
arsenic  in  substance,  in  solution,  in  alloys,  in  wall-papers,  in 
earth,  and  in  various  animal,  fatty,  resinous,  or  other  organic 
matters. 

Arsenious  Acid  in  Substance. — The  general  characters  of 
arsenious  acid  have  been  already  described,  and  are  themselves 
so  marked  as  to  be  unmistakable.  The  following  are  the  most 
conclusive  tests: — 

(1.)  A  small  fragment  placed  in  the  subliming  cell  (p.  242), 
and  heated  to  about  the  temperature  of  137'7°  (286°F.),  at 
once  sublimes  in  the  form  of  an  amorphous  powder,  if  the  upper 
glass  disc  is  cool ;  but  if  heated  (as  it  should  be)  to  nearly  the 
same  temperature  as  the  lower,  characteristic  crystals  are 
obtained,  remarkable  for  their  brilliancy  and  permanency,  and 
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almost  always  distinct  and  separate.  The  prevailing  form  is  the 
re^^ular  octahedron,  but  the  rhombic  dodecahedron,  the  rectan- 
gular prism,  superimposed  crystals,  half  crystals,  deep  triangular 
Jlates  like  tetrahedra,  and  irregular  and  confused  forms,  all 

occasionally  occur.  ■        j_    f>  ^■  a 

(2.)  A  beautiful  and  well-known  test  is  that  oi  Jierzehus: — A 
small  hard-glass  tube  is  taken,  and  the  closed  end  drawn  out  to 
the  size  of  a  knitting  needle.  Within  the  extreme  point  of  this 
fine  part  is  placed  the  fragment  (which  may  be  no  more  than  a 
milligramme),  and  a  splinter  of  charcoal,  fine  enough  to  enter 
freely  the  narrow  part,  as  shown  in  the  figure.    The  portion 


Fig.  18. 

of  the  tube  containing  the  charcoal  (e)  is  first  heated  until  it 
glows,  and  then  the  extreme  end;  if  arsenic  is  present,^  a 
mirror-like  coating  is  easily  obtained  in  the  broader  portion 
of  the  tube  (d).  That  this  coating  is  really  arsenical  can  be 
established  by  the  behaviour  of  metallic  crusts  of  arsenic  towards 
solvents  (as  given  at  p.  526).  The  portion  of  the  tube  containing 
the  crust  may  also  be  broken  up,  put  in  a  very  short,  wide  test- 
tube  (the  mouth  of  which  is  occupied  by  a  circle  of  thin 
microscopic  glass)  and  heated,  when  the  arsenic  will  sublime  on 
to  the  glass  disc,  partly  as  a  metal  and  partly  as  crystalline 
arsenious  acid. 

(3.)  Arsenious  acid,  itself  inodorous,  when  heated  on  coal, 
after  mixing  it  with  moist  oxalate  of  potash,  evolves  a  peculiar 
garlic-like  odour,  To  this  test  oxide  of  antimony  adulterated 
with  arsenic  will  respond,  if  there  is  only  a  thousandth  part 
present.  Simply  projecting  arsenious  acid  on  either  red-hot 
charcoal  or  iron  produces  the  same  odour. 

(4.)  A  little  bit  of  arsenious  acid  heated  in  a  matrass  with 
two  or  three  times  its  weight  of  acetate  of  potash,  evolves  the 
unsupportable  odour  of  kakodyl. 

Arsenites  and  Arseniates,  mixed  with  oxalate  of  soda  and  heated 
in  a  matrass,  afford  distinct  mirrors,  especially  the  arsenites  of 
the  earths  and  silver;  those  of  copper  and  iron  are  rather  less 
distinct. 

Sulphides  of  Arsenic  are  reduced  by  any  of  the  processes  de- 
scribed on  p.  540  et  seq. 

In  Solution. — An  acid  solution  of  arsenious  acid  gives,  when 
treated  with  SHg,  a  canary-yellow  precipitate,  soluble  in  am- 
monia, carbonate  of  ammonia,  and  bisulphite  of  potash,  and  also 
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a  metallic  sublimate  %vhen  heated  in  a  tube  with  the  reducing 
tr  ulphS:  t'^^,«^.^^--bed  at  p.  540.    By  these  propeS 

hJ\l  '^^P^^^.'  °f  cadmium  are  certainly  also  yellow 

but  the  latter  IS  quite  insoluble  in  ammonia,  while  the  formS 

Stances"'  "  '"^^'""'^  ^^^^^  reducLg  sub- 

in  nnfo^-^^l'-'^^""!  v""*™?^'  ^S^'""'  q^ite  insoluble 

m  potassic  bisulphite,  and  scarcely  dissolves  in  ammonia 

A  small  piece  of  sodium  amalgam  placed  in  a  test-tube  or  flask 
containing  a,n  arsenic-holding  liquid,  produces  in  a  short  time 
arseniuretted  hydrogen,  which  will  blacken  a  piece  of  paper 
soaked  m  nitrate  of  silver,  and  inserted  in  the  mouth  of  the  flask' 
Ihis  IS  certainly  the  most  convenient  test  for  arsenic.  If  the 
liquid  be  previously  made  alkaline,  no  antimoniuretted  hydrocren 
{stibine )  is  given  ofl:'.  ° 

Marsh's  Original  Test  for  Arsenic  consisted  in  evolving  nascent 
hydrogen  by  zmc  and  sulphuric  acid,  and  then  adding  the  liquid 
to  be  tested.    The  apparatus  for  Marsh's  test,  in  its  simplest 
form,  consists  of  a  flask  provided  with  a  cork  conveying  two 
tubes,  one  a  funnel  reaching  nearly  to  the  bottom  of  the  flask ; 
the  other  a  dehvery  tube,  which  is  of  some  length,  is  provided 
with  a  chloride  of  calcium  bulb,*  and  towards  the  end  is  turned 
up  at  right  angles,  the  end  being  narrowed.     By  evolving 
hydrogen  from  zinc  and  sulphuric  acid,  and  then  adding  portions 
of  the  liquid  through  the  funnel,  arseniuretted  hydrogen  in  a 
dry  state  is  driven  along  the  leading  tube,  can  be  ignited  on  its 
issue,  and  on  depressing  a  piece  of  cold  porcelain,  a  dark  metallic 
spot  of  arsenic  is  obtained,  t    Or,  if  any  portion  of  the  tube  be 
made  red-hot,  the  metal  is  deposited  in  the  same  way  as  a  ring. 
The  apparatus  admits  of  much  complication  and  variety.  One 
of  the  most  useful  additions  is,  perhaps,  the  interposition  of  a 
small  gasometer.    This  consists  of  a  cylindrical  glass  vessel  with 
entrance  and  exit  tubes,  open  at  the  bottom,  immersed  in  water 
in  a  larger  vessel,  and  counterpoised  by  weights  and  rollers, 
exactly  like  the  large  gasometers  used  at  gasworks;  the  exit 
tube  must  have  a  stop-cock,  and  the  gas  must  pass  through  sul- 
phuric acid  in  order  to  dry  it  thoroughly. 

*  Otto  recommends  the  first  half  of  the  drying  tube  connected  with 
the  development  flask  to  be  filled  with  caustic  potash,  the  latter  half  with 
chloride  of  calcium  [Auamiltelung  der  Oifte).  Dragendorif  approves  of  this, 
but  remarks  that  it  should  be  used  when  arsenic  alone  is  searched  for,  since 
caustic  potash  decomposes  stibine.  The  potash  fixes  SH2,  and  prevents 
the  formation  of  chloride  of  arsenic. 

t  For  identification  of  arsenical  films,  see  p.  526. 
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M.  Blondlot  has  observed  *  that  if  pure  zinc,  a  weak  solution 
of  arsenious  acid,  and  a  sulphuric  acid  containing  nitric  acid  or 
nitrous  compounds,  be  mixed  together,  the  arsenic  passes  into 
a  solid  hydrate,  which  is  deposited  on  the  surface  of  the  zinc. 
Certain  organic  substances  (such  as  sugar,  gum,  etc.)  prevent 
this  formation  of  solid  hydrate.  Thus,  in  two  ways,  the  analyst 
may  be  deceived — under  the  above  conditions,  the  zinc  may  be 
arsenical,  and  yet  pure  hydrogen  be  evolved  until  the  very 
moment  in  which  the  liquid  to  be  tested  is  added ;  or,  on  the 
other  hand,  if  the  liquid  to  be  tested  and  the  acid  itself  contain 
nitrous  compounds,  no  arsenic  may  come  oif,  although  arsenic 
be  actually  present.  The  formation  of  the  solid  hydrate  in  the 
original  testing  may  always  be  prevented  by  the  addition  of  a 
little  pure  cane  sugar ;  but  in  operating  on  liquids  of  unknown 
composition,  Blondlot's  observation  shows  clearly,  that  if  no 
result  is  obtained  from  Marsh's  test  as  ordinarily  applied,  arsenic 
may  yet  be  present.  This  objection  does  not  hold  good  in  the 
evolution  of  hydrogen  by  galvanism,  nor,  so  far  as  is  known, 
when  sodium  amalgam  is  used. 

The  precautions  to  be  observed  in  Marsh's  test  are  : — 

(1.)  Absolute  freedom  of  the  reagents  used  from  arsenic,  anti- 
mony,t  and  other  impurities. 

(2.)  The  sulphuric  acid  should  be  diluted  with  five  times  its 
weight  of  water,  and  if  freshly  prepared  should  be  cooled  before 
use.    Strong  acid  must  not  be  employed.  | 

(3.)  The  fluid  to  be  tested  should  be  poured  in  little  by  little. 

(4.)  Nitrous  compounds,  nitric  acid,  hydrochloric  acid,  chlorides, 
are  all  more  or  less  prejudicial. 

(5.)  The  gas  should  come  off  regularly  in  not  too  strong  a 
stream,  nor  out  of  too  small  an  opening. 

(6.)  The  gas  should  pass  through  the  red-hot  tube  at  least  one 
hour,  if  no  stain  is  at  once  detected. 

(7.)  A  little  pure  bichloride  of  platinum  solution  may  be  added, 
■without  injury,  to  the  zinc  if  the  gas  comes  off  too  slowly.  § 

*  Blondlot:  "Transformation  de  I'arsenic  en  hydrure  solide  par  I'hydro- 
ghne  naissant  sous  I'influence  des  compos6s  nitreux." — Jour,  de  Pharm.  et 
de  Chim.,  3e  ser.,  t.  xliv.,  p.  486. 

+  With  regard  to  purity  of  reagents,  Sonnenschein  states  that  he  has  once 
found  chlorate  of  potash  contaminated  with  arsenic.  —  Sonnenschein : 
Gericht.  Chemie,  p.  139. 

+  M.  A.  Gautier  uses  sulphuric  acid  diluted  with  live  times  its  weitrht  of 
water  ;  when  the  hydrogen  has  displaced  the  air,  he  adds  to  the  arsenical 
matter  45  grms.  of  this  acid  and  5  grms.  of  pure  sulphuric  acid.— Sit?;,  de 
la  Soci4t6  Chim.  de," Paris,  1875,  t.  xxiv. 

§  A  solution  of  sulphate  of  copper  has  been  recommended ;  according  to 
Gautier,  two-thirds  of  the  arsenic  iu  such  a  case  are  retained.  ° 
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_  The.  characteristics  of  the  metallic  stains  which  may  occur 
either  on  glass  or  porcelain  in  the  use  of  Marsh's  test,  may  be 
noted  as  under : — 


MiRROE  OR  OruST  OP 

Arsenic 

Is  deposited  at  a  little  dis- 
tance from  the  flame. 

An  arsenical  stain  is  in  two 
portions,  the  one  brownish,  the 
other  a  glittering  black. 

On  heating,  it  is  rapidly 
volatilised  as  arsenious  acid. 

On  transmission  of  a  stream 
of  SII2,  whilst  immediately  be- 
hind the  stain  a  gentle  heat  is 
applied,  the  arsenic  is  changed 
to  yellow  sulphide  if  dry 
OIH  is  now  transmitted,  the 
arsenical  sulphide  is  unchanged. 

Chloride  of  lime  dissolves  the 
arsenic  completely. 

Protochloride  of  tin  has  no 
action  on  metallic  arsenic. 

The  arsenic  stain,  dissolved 
in  aqua  regia,  or  OIH  and 
chlorate  of  potash,  and  then 
treated  with  tartaric  acid,  am- 
monia, and  magnesia  mixture, 
gives  a  precipitate  of  ammonia 
magnesian  arseniate.f 

*  It  is  desirable  to  dissolve  away  the  free  sulphur  often  deposited  with 
the  arsenical  sulphide  by  bisulphide  of  carbon. 

f  Schonbein  has  proposed  ozone  as  an  oxidiser  of  arsenical  stains.  The 
substance  containing  the  stain,  together  with  a  piece  of  moist  phosphorus, 
is  placed  under  a  shade,  and  left  there  for  some  time;  the  oxidisation 
product  is,  of  course,  coloured  yellow  by  SH2  if  it  is  arsenious  acid,  orange 
if  antimony.  The  vapour  of  iodine  colours  metallic  arsenic  pale  yellow, 
and  later  a  brownish  hue;  on  exposure  to  the  air  it  loses  its  colour. 
Iodine,  on  the  other  hand,  gives  with  antimony  a  carmelite  brown,  changing 
to  orange. 

An  arsenical  ring  may  be  also  treated  as  follows  :— Precipitated  zinc 
sulphide  is  made  into  a  "paste  with  a  little  water,  and  introduced  into  the 
end  of  the  tube ;  the  same  end  is  then  plunged  into  dilute  sulphuric  acid, 
and  the  ring  heated,  when  the  arsenical  sulphide  will  be  produced. 


Mirror  or  Crust  op 
Antimony 

Is  deposited  close  to  the 
flame,  and  on  both  sides  of  it, 
and  is  therefore  notched. 

The  stain  is  tolerably  homo- 
geneous, and  usually  has  a  tin- 
like lustre. 

Volatilisation  very  slow  ;  no 
crystalline  sublimate  obtain- 
able. 

The  same  process  applied  in 
the  case  of  antimony  produces 
the  orange  or  black  sulphide ; 
and  on  passing  dry  CIH,  chlo- 
ride of  antimony  volatilises 
without  the  application  of  heat. 

Antimony  not  afiected. 

■  Dissolves  slowly  but  com- 
pletely the  antimony  stain. 

No  precipitate  with  anti- 
mony. 


§  640.] 


ARSENIC. 


527 


Eeinscli's  Test  is  a  simple  electrolytic  method  of  depositing 
arsenic-  on  copper  : — A  piece  of  pure  bright  copper  foil  or  gauze 
is  attached  to  a  platinum  wire,  and  the  copper  immersed  in  the 
liquid  to  be  tested,  which  is  then  boiled.  The  liquid  must  be 
distinctly  acid,  and  should  be  contained  in  a  flask,  the  mouth  of 
which  is  conveniently  partially  closed  by  a  funnel,  the  free  end 
of  the  wire  reaching  well  out  of  the  flask,  so  that  the  copper 
may  be  from  time  to  time  examined.  The  boiling  in  very  dilute 
solutions  should  be  prolonged,  but  it  need  not  be  violent — a  gentle 
simmering  is  all  that  is  required.  The  copper,  if  a  very  minute 
quantity  of  arsenic  is  present,  will  have  a  greyish  stain  upon  it ; 
with  larger  quantities  a  somewhat  glistening  black-lead  appear- 
ance is  produced.  Mercury,  sulphur,  selenium,  and  antimony, 
all  stain  copper. 

On  heating  the  stained  copper  in  the  subliming  cell  (p.  242) 
or  in  a  tube,  if  mercury  is  present  it  will  sublime  in  microscopic 
globules.  Sulphide  of  copper  can  be  rubbed  ofi"  with  the  fingers, 
but  the  arsenical  stain,  on  the  contrary,  is  a  true  alloy,  consisting, 
according  to  Lippert,*  of  one  atom  of  arsenic  and  five  of  copper. 
The  arsenical  stain,  again,  dissolves  in  caustic  ammonia;  the 
sulphide  of  copper  does  not  do  so.  The  arsenical  stain  also 
dissolves  in  a  mixture  of  equal  parts  of  water  and  OIH  with 
development  of  hydrogen,  an  action  which  does  not  take  place 
with  sulphide  of  copper. 

The  arsenical  stain,  when .  heated  in  the  tube  or  cell,  gives  -a. 
crystalline  sublimate  of  arsenious  acid;  while  the  antimonial 
stain  is  much  bluer,  and  gives  no  crystalline  sublimate.  More- 
over, the  antimony  can  readily  be  converted  into  antimoniate  of 
potash,  by  warming  the  copper  in  water  made  alkaline  by  potash, 
and  first  reddened  by  potassic  permanganate;  heated  in  this 
way  it,  of  course,  dissolves ;  and  on  filtering  off  the  manganese 
acidifying  with  HOI,  and  testing  with  SH„,  the  orange  sulphide 
is  obtained. 

Some  of  the  foregoing  tests  may  be  applied  if  there  is  sufficient 
material,  but  if  not,  it  is  better  at  once  to  pass  to  Bloxam's 
method  (p.  533),  which  will  give  positive  results  without  inter- 
fering with  subsequent  tests. 

§  640.  Arsenic  in  Organic  i/a^^ers.— Orfila  and  the  older  school 
of  chemists  took  the  greatest  care  in  searching  for  arsenic  to  destroy 
the  last  trace  of  organic  matter.  Orfila's  practice  was  to  chop 
up  the  substance  and  make  it  into  a  paste  with  400  to  700  o-rms 
of  water ;  to  this  -010  grm.  KHO  in  alcohol  were  added,  ancf  -020 
fr^:  0;^Pot^ssic. filtrate.  The  substances  were  heated  up  to  from 
«U  to  yo  for  some  time,  until  they  were  pretty  well  dissolved ;  the 
*  Journ.f.  Fract.  Chemie,  13,  68,  p.  168. 
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organic  matter  was  then  burnt  off  in  a  Hessian  crucible  heated 
to  redness  on  which  small  quantities  of  the  matters  were  placed  at 
a  time  When  the  whole  had  thus  been  submitted  to  red  heat 
the  melted  mass  was  run  into  an  almost  red-hot  porcelain  basin,  and 
allowed  to  cool.  Afterwards,  it  was  again  heated  with  concentrated 
sulphuric  acid,  until  all  nitric  and  nitrous  fumes  were  dissipated  • 
on  dissolving  and  filtering  in  water,  the  liquid  was  introduced 
into  a  Marsh's  apparatus.  Orfila  never  seems  to  have  failed  in 
detecting  arsenic  by  this  process.  For  an  organ  like  the  liver 
he  considered  that  100  grms.  of  potash  and  86  of  strong  sulphuric 
acid  were  necessary  in  order  to  destroy  the  organic  matters. 

The  liability  of  the  various  reagents  used  to  impurity,  and  the 
probability  of  loss  in  these  operations  have  tended  to  discredit 
destruction  of  the  organic  matter  by  a  red  heat,  and  chemists 
generally  have  preferred  to  oxidise  animal  matters  by  a  moist 
process.  The  organic  substance  is  divided  finely  and  digested 
with  dilute  hydrochloric  acid,  and  from  time  to  time  crystals  of 
potassic  chlorate  are  thrown  in  until  all  the  fluid  is  very  thin 
and  capable  of  passing  through  a  filter.  The  filtrate  must  now 
be  submitted  to  the  prolonged  action  of  sulphuretted  hydrogen,* 
and  the  sulphide  of  arsenic  separated  from  free  sulphur  by  dis- 
solving in  sodic  sulphide.  After  filtering,  the  arsenic  sulphide 
may  be  again  thrown  down  by  the  addition  of  hydrochloric  acid, 
collected  on  a  filter,  and  still  further  purified  by  solution  in 
ammonic  carbonate  ;  once  more  precipitated  by  hydrochloric  acid, 
and  lastly  identified  by  conversion  into  magnesia  pyro-arseniate 
(see  p.  539).  The  above  process  is  a  very  general  and  safe  way 
of  detecting  arsenic  in  almost  any  organic  tissue,  but  some  sub- 
stances may  be  more  conveniently  treated  by  special  processes. 
Resinous  matters,  for  example,  may  be  first  extracted  by  alcohol, 
and  the  residue  dissolved  in  dilute  hydrochloric  acid,  and  boiled 
in  a  flask  which  is  connected  to  a  vertical  condenser.  The 
alcoholic  solution  may  be  tested  by  electrolysis  to  see  whether 
any  arsenic  has  been  dissolved;  if  this  is  the  case,  the  resin 
may  be  precipitated  by  water  and  filtered  ofi'. 

From  ordinary  pills,  quack  extracts,  and  similar  preparations, 
drying,  powdering,  and  exhaustion  with  boiling  dilute  HCl,  will 
remove  the  whole  of  the  arsenic,  if  in  a  soluble  state ;  if  not, 
aqua  regia  must  be  employed. 

Oils  and  matters  consisting  almost  -entirely  of  fat,  suspected 
of  containing  arsenic,  are  gently  heated,  and  allowed  to  deposit 
any  insoluble  matter  they  may  contain ;  the  oil  is  then  decanted, 

*  The  SH2  should  be  washed  by  passing  it  through  two  or  more  washing 
bottles  supplied  with  warm  dilute  HCl — a  few  samples  of  sulphide  of  iron 
give  off  an  arseniferous  gas,  so  that  this  precaution  is  necessary. 
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and,  if  necessary,  filtered  from  any  deposit;  saponified  by 
alcoholic  potash,  the  soap  decomposed  by  HOI,  the  fatty  acids 
separated,  and  the  arsenic  looked  for  both  in  the  first  deposit  and 
in  the  solution,  now  fairly  free  from  fat,  and  easy  to  treat. 

In  searching  for  arsenic  in  the  fluids  or  tissues  of  the  body, 
the  analyst  is  generally  at  the  mercy  of  the  pathologist,  and 
sometimes  the  work  of  the  chemist  leads  to  a  negative  result, 
solely  from  not  having  the  proper  organ  sent  to  him.* 

Brodie  long  ago  stated  that  when  arsenious  acid  had  been 
given  in  solution,  to  any  animal  capable  of  vomiting,  no  arsenic 
could  be  detected  in  the  stomach ;  this  statement  is  too  absolute, 
but  in  the  majority  of  cases  true. 

In  all  cases  the  chemist  should  have  portions  of  the  brain, 
spinal  cord,  liver,  kidneys,  lungs,  and  muscular  tissue,  as  well 
as  the  stomach  and  its  contents. 

Accordingto  the  experiments  of  Scolosubofi",!  arsenic  is  generally 
greatest  in  the  marrow,  then  in  the  brain,  next  in  the  liver,  and 
least  in  the  muscles,  and  the  following  may  be  taken  as  a  fairly 
accurate  statement  of  the  relative  proportion  in  which  arsenic 
is  likely  to  be  found  in  the  body,  100  grms.  being  taken  of  each: — 

Muscles,       .......  1 

Liver,    .       .       .       .       .    '  .       .       .  lO'S 

Brain,   ,       .  36-5 

Spinal  Marrow,     .       .       .       .       .       .  37-3 

But  Ludwig'sf  experiments  and  conclusions  are  entirely 
opposed  to  this,  since  both  in  acute  and  chronic  cases  he  found 
as  follows  (per  cent.  AsgOg) : — 

Brain,   -0002 

Liver,   -001 

Kidney,   -0004 

Muscle,   -00025 

So  that  he  detected  in  the  liver  five  times  more  than  in  the 
brain.  M.  P.  Hamberg  has  also  confirmed  the  fact,  that  more 
is  found  in  the  liver  and  kidneys  than  in  the  nervous  tissues. 

With  regard  to  the  preliminary  treatment  of  the  stomach  and 
fluids  submitted  to  the  analyst,  the  careful  noting  of  appearances, 
the  decantation,  washing,  and  examination  §  (microscopical  and 

*  For  example,  in  cases  of  poisoning  by  external  application,  more  than 
once  merely  the  empty  stomach  and  a  piece  of  intestine  have  been  forwarded 
to  the  writer. 

t  Bull.  Soc.  CJiim.  [2],  xxiv.,  p.  124. 

t  Ueher  die  Verhaltung  des  Arsens  im  thieriscTien  Organismus  nach 

Mnverleibuny  von  Arsmiger  Saure.  Med.  Jalirhuch,  1880 
§  From  some  observations  of  Fresenius  in  a  recent  number  of  the  Zeitschnft 
ioTi    if"":'     "^""i^x  ^eem  necessary  to  test  all  glass  vessels  used  :  for 

It  13  difiicult  at  present  to  purchase  arsenic-free  glass. 
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chemical)  of  any  deposit,  are  precautions  so  obviously  dictated  by 
common  sense,  that  they  need  only  be  alluded  to  in  passing.  Of 
some  considerable  moment  is  the  question  Avhich  may  be  put  to 
the  analyst  in  court,  in  reference  to  the  possible  entrance  of 
arsenic  into  the  living  body,  by  accidental  and,  so  to  speak, 
subtle  means.  Such  are  the  inhaling  of  the  fumes  from  the 
burning  of  arsenical  candles,*  and  of  emanations  from  papers 
(see  p.  532),t  as  well  as  the  possible  entrance  of  arsenic  into 
the  body  after  death  from  various  sources,  such  as  arsenical 
earth,  &c.J 

The  arguments  which  are  likely  to  be  used  in  favour  of 
corpse  having  become  arsenical  may  be  gathered  from  a  case 
related  by  Sonnenschein  : — Certain  bodies  were  exhumed  in  two 
churchyards ;  the  evidence  went  to  show  that  they  had  been 
poisoned  by  arsenic,  and  this  substance  was  actually  found  in 
the  bodies,  while  at  the  same  time  it  was  discovered  to  exist  also 
in  traces  in  the  earth  of  the  churchyard.  The  theory  for  the 
defence  was,  that  although  the  arsenic  in  the  earth  was  in  an 
insoluble  state,  yet  that  it  might  combine  with  lime  as  an 
arsenite  of  lime ;  this  arsenite  would  become  soluble  by  the 
action  of  carbonic  acid  set  free  by  vegetation,  and  filter  down 
to  the  corpse.  Sonnenschein  suspended  a  quantity  of  this  earth 
in  water,  and  passed  OOo  through  it  for  twelve  hours ;  on  filtering, 
the  liquid  gave  no  evidence  of  arsenic.  A  similar  result  was 
obtained  when  an  artificial  mixture  of  1  grm.  of  arsenious  acid 
and  1  pound  of  earth  were  submitted  to  the  same  process. 

The  fact  would  appear  to  stand  thus :  oxide  of  iron  in  ordinary 
earth  retains  arsenic,  and  requires  treatment  with  a  concentrated 
acid  to  dissolve  it.  It  therefore  follows  that,  if  a  defence  of 
arsenical  earth  is  likely  to  be  set  up,  and  the  analyst  finds  that 
by  mere  extraction  of  the  tissues  by  water  he  can  detect  arsenic, 

*  See  a  case  of  poisoning  (non-fatal)  of  a  lady  by  the  use  of  arsenical 
candles,  Med.  Times  and  Gazette,  vol.  iii.,  1876,  p.  3G7. 

t  To  solve  this  question,  it  has  been  at  times  considered  necessary  to 
analyse  an  extraordinary  number  of  things.  In  the  "affaire  Danval" 
{Journ.  d' Hygiene,  2e  ser.,  No.  108,  July,  1878),  more  than  sixty  different 
articles,  comprising  drugs,  drinks,  perfumes,  bed-curtains,  wall-paper,  and 
other  matters,  were  submitted  to  the  experts. 

J  The  following  important  case  is  related  by  Sonnenschein  :— 

Nicholas  Nobel  and  his  wife,  Jerome,  were  bm-ied  two  metres  from  each 
other  in  the  churchyard  at  Spinal,  the  earth  of  which  notoriously  contained 
arsenic.  A  suspicion  of  poisoning  arose.  The  bodies  were  exliumed  and 
arsenic  was  found  in  the  stomach  and  intestines  of  Nobel,  but  not  tne 
slightest  trace  in  the  corpse  of  the  wife.  The  remains  of  the  bodies  were 
reinterred,  and  after  six  months,  on  a  fresh  suspicion  of  poisoning  arising, 
again  exhumed.  The  corpse  of  the  woman  had  been  put  naked  ui  tlie  moist 
earth  during  a  heavy  shower,  but  this  time  also  no  arsenic  was  detectea  m  ic. 
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the  defence  is  in  all  probability  unsound.  The  expert  should,  of 
course,  deal  with  this  question  on  its  merits,  and  without  pre- 
judice. According  to  Eulenberg,*  in  arsenical  earth — if  after 
having  been  crushed  and  washed,  it  lies  for  some  time  exposed 
to  the  disintegrating  action  of  the  air — soluble  arsenical  salts 
are  formed,  which  may  find  their  way  into  brooks  and  supplies 
of  drinking  water.  We  may  infer  that  it  is  hardly  probable 
(except  under  very  peculiar  circumstances)  for  a  corpse  to  be 
contaminated  internally  with  an  estimable  quantity  of  arsenic 
from  the  traces  of  arsenic  met  with  in  a  few  churchyards. 

It  occasionally  happens  that  an  exhumation  is  ordered  a  very 
long  time  after  death,  when  no  organs  or  parts  (save  the  bones) 
are  to  be  distinguished.  In  the  case  of  a  man  long  dead,  the 
widoAv  confessing  that  she  had  administered  poison,  the  bones 
were  analysed  by  Sonnenschein,  and  a  small  quantity  of  arsenic 
found.  Conierbe  and  Orfila  have  both  asserted  that  arsenic  is  a 
normal  constituent  of  the  bones — a  statement  which  has  been 
repeatedly  disproved.  Sonnenschein  relates : — t  "  I  procured  from 
a  churchyard  of  this  place  (Berlin),  the  remnants  of  the  body  of  a 
person  killed  twenty-tive  years  previously,  and  investigated  several 
others  in  a  similar  way,  without  finding  the  least  trace  of  arsenic. 
Similar  experiments  in  great  number  were  repeated  in  my 
laboratory,  but  in  no  case  was  arsenic  recognised."  The  opinion 
of  the  expert,  should  he  find  arsenic  in  the  bones,  must  be 
formed  from  the  amount  discovered,  and  other  circumstances. 

§  641.  Imbibition  of  Arsenic  by .  Dead  Tissues. — In  a  case 
which  occurred  in  the  Western  States  of  America,  there  was 
good  reason  for  believing  that  arsenic  had  been  introduced  into 
the  corpse  of  a  man  after  his  decease.  With  regard  to  the 
imbibition  of  arsenic  thus  introduced,  Orfila|  says :  "  I  have 
often  introduced  into  the  stomach  (as  well  as  the  rectum)  of 
the  corpses  of  men  and  dogs  2  to  3  grms.  of  arsenious  acid, 
dissolved  in  from  400  to  500  grms.  of  water,  and  have  examined 
the  difierent  viscera  at  the  end  of  eight,  ten,  or  twenty  days. 
Constantly  I  have  recognised  the  efi"ects  of  cadaveric  imbibition. 
Sections  of  the  liver  or  other  organs  which  touch  the  digestive- 
canal,  carefully  cut  and  analysed,  furnished  arsenic,  which  could 
not  be  obtained  sensibly  (or  not  at  all)  from  sections  which  had 
not  been  in  contact  with  this  canal.  If  the  corpse  remained 
long  on  the  back  after  arsenious  acid  had  been  introduced  into 
the  stomach,  I  could  obtain  this  metal  from  the  left  half  of  the 
diaphragm  and  from  the  inferior  lobe  of  the  left  lung,  whilst  I 

*  Oewerle  ITygiene,  p.  284.  +  Gerichil.  Chem.,  p.  212. 

t  Op,  cit.,  t.  i.,  p.  309. 
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did  not  obtain  it  from  other  portions  of  the  diaphragm  nor 
from  the  right  lung."  Dr.  Reece  has  also  made  some  experiments 
on  the  imbibition  of  arsenic  after  death.  He  injected  solutions 
of  arsenious  acid  into  the  stomach  of  various  warm-blooded 
animals,  and  found  at  various  periods  arsenic,  not  alone  in  the 
intestinal  canal,  but  also  in  the  spleen,  liver,  and  kidneys. 

§  642.  Analysis  of  Wall-pcq^er  for  Arsenic. — The  separation  of 
arsenic  from  paper  is  extremely  easy,  and  admits  of  great  variety 
of  manipulation.  A  very  quick  special  method  is  as  follows  : — 
The  paper  is  saturated  with  chlorate  of  potash  solution,  dried, 
set  on  fire  in  a  suitable  plate,  and  instantly  covered  with  a  bell- 
glass.  The  ash  is  collected,  pulverised,  and  exhausted  with  cold 
water,  which  has  previously  thoroughly  cleansed  the  plate  and 
bell-glass ;  the  arsenic  in  combination  with  the  potash  is  dissolved, 
whilst  oxides  of  chromium,  copper,  aluminium,  tin,  and  lead,  re- 
main in  the  insoluble  portion.* 

On  investigating  the  air  of  a  room  or  chamber  suspected  of 
being  impregnated  with  arsenic,  it  is  important  to  know  whether 
it  is  caused  by  arsenical  dust  or  by  AsHg.  In  the  case  of  a 
child  dying  with  symptoms  of  arsenical  poisoning  in  a  room 
papered  with  a  pigment  containing  Scheele's  green,  Sonnenschein  f 
placed  a  perfectly  clean  table  in  the  room,  which  was  kept  closed 
for  eight  days.  At  the  end  of  that  time  he  examined  the  dust 
of  the  table  by  the  microscope  and  chemically;  the  former  re- 
vealed green  particles,  the  latter  arsenic.  It  would,  however, 
appear  both  a  more  rapid  and  convenient  method  to  draw  a 
large  number  of  litres  of  air  through  a  solution  of  nitrate  of 
silver,  and  filter  the  air  through  cotton  wool ;  at  the  termination 
of  the  experiment  examining  the  wool  for  arsenical  dust,  and 
the  nitrate  of  silver  for  arsenious  acid.  A  convenient  aspirator 
for  such  a  purpose  is  an  ordinary  ale  cask,  filled  with  water; 
a  bit  of  brass  tubing  is  screwed  through  a  hole  in  the  bung, 
and  connected  with  the  absorption  apparatus,  the  water  being 
allowed  to  trickle  away  slowly  through  a  tap  placed  in  the  usual 
position.  J 

§  643.  Estimation  of  Arsenic. — Most  of  the  methods  for  the 
quantitative  determination  of  arsenic  are  also  excellent  tests  for 
its  presence.    It  may  be  regarded,  indeed,  as  an  axiom  in  legal 

*  KapferscHaeger :  Rev.  Universelle  des  Mmes,  1S76. 

Handbuch  der  Gerichtl.  Chem.,  p.  153.  .    i  r 

J  The  investigation  of  emanations  supposed  to  be  arsenical  from  manu- 
factories, &c.,  must  be  conducted  on  the  same  principles.  It  would  appear 
that  arsenical  fumes  are  evolved  in  the  action  of  impure  sulphuric  acid  on 
coprolites,  a  fact  not  before  observed.—"  On  the  Presence  of  Arsenic  in  tlie 
Vapour  of  Bone  Manure,"  by  J.  Adams. 
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chemistry,  that  the  precise  amount  of  every  substance  detected, 
if  it  can  be  weighed  or  estimated  by  any  process  whatever,  should 
be  accurately  stated.  Indefinite  expressions,  such  as  "  a  small 
quantity  was  found,"  "traces  were  detected,"  &c.,  are  most  objec- 
tionable. The  more  perfect  of  the  methods  of  evolving  arsenic 
can  be  made  quantitative.  For  example,  the  galvanic  process 
introduced  by  Bloxam  may  be  utilised  as  follows  :— A  fractional 
part  of  the  arsenical  solution  is  taken  for  the  experiment ;  the 
bottom  of  a  narrow-necked  bottle  of  about  100  cc.  capacity  is 
removed,  and  replaced  by  a  piece  of  vegetable  parchment.  The 
neck  of  the  bottle  carries  a  cork,  which  is  pierced  by  (1.)  a 
platinum  wire,  which  is  attached  to  a  platinum  electrode;  (2.)  a 
short  tube,  bent  at  right  angles,  and  connected  by  piping  with  a 
longer  tube  which  has  also  a  rectangular  bend,  and  dips  into  a 
solution  of  silver  nitrate  j  (3.)  an  ordinary  funnel-tube,  reaching 
nearly  to  the  bottom.  The  bottle  is  placed  in  a  beaker  of  such  a 
size  as  to  leave  a  small  interval  between  the  two,  and  the  whole 
apparatus  stands  in  a  large  vessel  of  cold  watei*.  Dilute  sul- 
phuric acid  is  now  put  into  the  bottle,  and  also  into  the  beaker, 
so.  that  the  fluid  reaches  exactly  the  same  level  in  each.  The 
positive  platinum  electrode  of  a  battery  of  six  of  Grove's  cells,  or 
other  efiicient  combination,  is  immersed  in  the  liquid  outside  the 
bottle,  connection  with  the  negative  plate  is  established,  and 
hydrogen  very  soon  comes  off,  and  passes  over  into  the  nitrate 
of  silver  solution.  When  all  the  air  is  expelled,  a  portion  of  the 
rectangular  tube  is  heated  to  redness,  and  if  there  is  no  stain  nor 
any  reduction  of  the  silver,  the  acid  is  pure.  If  the  gas  is  passed 
for  a  long  time  into  the  silver  solution,  the  silver  will  be  reduced 
to  some  extent  by  the  hydrogen,  although  arsenic-free;*  so  that 
it-  is  better  to  rely  upon  the  metallic  ring  or  stain,  which  is 
certain  to  be  formed  on  heating  a  portion  of  the  tube  red-hot, 
and  keeping  it  at  that  temperature  for  at  least  ten  minutes.  The 
liquid  is  then  passed  through  the  funnel  in  successive  portions ; 
if  arsenic  is  present,  there  will  be  a  decided  metallic  ring  on 
heating  the  tube  as  before,  and  if  antimony  is  present,  there  will 
also  be  a  stain;  the  distinctions  between  these  stains  have  been 
described  at  p.  526. 

The  tube  is  kept  red-hot  until  the  stain  is  very  distinct;  then 
the  source  of  heat  is  removed,  and  the  gas  allowed  to  bubble 
through  the  argentic  nitrate  solution,  which  it  decomposes,  as 
before  detailed  (p.  496).    This  process  is  continued  until,  on 


*  Nitrate  of  silver  solution  is  reduced  by  Ho,  CH3,  PH3,  and  SbHa;  hence 
it  is  absolutely  necessary  in  any  qualitative  examination  to  prove  that 
arsenious  acid  has  actually  been  produced  in  the  silver  solution. 
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placing  the  delivery  tube  in  a  sample  of  clear  nitrate  of  silver 
solution  there  is  no  darkening  of  colour.  In  certain  cases  this 
may  take  a  long  time,  but  the  apparatus,  once  set  to  work 
requires  little  superintendence.  At  the  conclusion,  the  Avhole 
ol  the  arsenic  is  separated,— part  is  in  the  silver  solution  as 
arsenious_  acid,  part  in  the  tube  as  a  ring  of  metallic  arsenic. 
Ihe  portion  of  the  tube  containing  the  metallic  arsenic  should 
be  cut  off  with  a  file  and  weighed,  the  arsenic  then  removed  and 
re-weighed ;  the  loss  is  the  metal  approximately.  Or,  the  weight 
of  the  film  may  be  estimated  by  having  a  set  of  similar  deposits 
of  known  weight  or  quantities,  in  tubes  exactly  corresponding  to 
those  used  in  the  analysis,  and  comparing  or  matching  them. 

The  arsenious  acid  in  the  nitrate  of  silver  may  be  dealt  with 
in  several  ways.  The  equation  given  p.  496  shows  clearly  that 
pure  arsine  passed  into  nitrate  of  silver  solution,  decomposes  it 
in  such  a  manner  that,  if  either  the  silver  deposited  or  the  free 
acid  is  estimated,  the  quantity  of  arsenic  can  from  such  data  be 
deduced.  In  operating  on  organic  liquids,  ammonia  and  other 
products  may  be  given  off",  rendering  either  of  the  indirect 
processes  inadvisable.  A  very  convenient  method,  applicable 
in  many  cases,  is  to  throw  out  the  silver  by  hydrochloric  acid, 
alkalise  the  filtrate  by  bicarbonate  of  soda,  and  titrate  with 
iodine  solution.  The  latter  is  made  by  dissolving  exactly  12-7 
grms.  of  pure  dry  iodine,  by  the  aid  of  18  grms.  of  potassic  iodide 
in  one  litre  of  water,  observing  that  the  solution  must  take 
place  in  the  cold,  without  the  application  of  heat.  The  principle 
of  the  titration  is,  that  arsenious  acid,  in  the  presence  of  water 
and  free  alkali,  is  converted  into  arsenic  acid — 

AS2O3  +  41  +  2NaoO  =  Asp,  +  4NaI 

The  end  of  the  reaction  is  known  by  adding  a  little  starch- 
paste  to  the  solution;  as  soon  as  a  blue  colour  appears,  the 
process  is  finished. 

Another  convenient  way  by  Avhicli  (in  very  dilute  solutions  of 
arsenious  acid)  the  arsenic  may  be  determined,  is  a  colorimetric 
method,  which  depends  on  the  fact  that  sulphuretted  hydrogen, 
when  arsenious  acid  is  present  in  small  quantity,  produces  no 
precipitate  at  first,  but  a  yellow  colour,  proportionate  to  the 
amount  of  arsenic  present.  The  silver  solution  containing 
arsenious  acid  is  freed  from  silver  by  hydrochloric  acid;  a 
measured  quantity  of  saturated  SHg  water  is  added  to  a  fractional 
and,  if  necessary,  diluted  portion,  in  a  Nessler  cylinder  or 
colorimetric  apparatus,  and  the  colour  produced  exactly  imitated, 
by  the  aid  of  a  dilute  solution  of  arsenious  acid,  added  from  a 
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burette  to  a  similar  quantity  of  SH^  water  in  another  cylinder, 
the  fluid  heinsr  acidified  with  HOI.  7  7 

I  644  Destruction  of  the  Organic  Matter  hy  Nitric  Acid,  and 
Subsequent  Reduction  of  the  Arsenic  Acid  to  Arsme  {ArsPMiuretted 
Hydrogen),  and  final  Estimation  as  Metallic  Arsenic—This  pro- 
cess, which  is  essentially  a  combination  of  several  has  been 
much  improved  in  its  details  recently  by  R.  H  Chittenden  and 
H  H  Donaldson.*  100  grms.  of  the  suspected  matters  cut  up 
into  small  pieces,  are  heated  in  a  porcelain  dish  of  suitable  size 
stirred  by  means  of  a  glass  rod  with  23  cc.  of  pure  concentrated 
nitric  acid,  and  heated  up  to  from  150°  to  160  When  the 
matters  assume  a  yellow  or  orange  colour,  the  bath  is  removed 
from  the  source  of  heat,  and  3  cc.  of  pure  concentrated  sulphuric 
acid  added,  and  the  mixture  stirred,  when  the  mass  becomes 
brown,  swells  up,  and  evolves  dense  nitrous  and  other  fumes. 
The  vessel  is  again  heated  to  180°,  and  while  hot  8  cc.  of  pure 
concentrated  nitric  acid  are  added,  drop  by  drop,  with  continual 
stirrintr.  After  this  addition,  it  is  heated  to  200  for  Mteen 
minutes,  and  the  result  on  cooling  is  a  hard  carbonaceous  residue 
wholly  free  from  nitric  acid.  The  arsenic  is  in  this  way  oxidised 
into  arsenic  acid,  which  is  easily  soluble  in  water.  The  contents 
of  the  dish  are,  therefore,  perfectly  extracted  by  boiling  water; 
the  aqueous  extract  filtered,  and  evaporated  to  dryness.  The 
next  process  is  to  obtain  the  arsenic  in  a  metallic  state  : — 

The  flask,  a  Bunsen's  wash-bottle  of  200  cc.  capacity,  is  pro- 
vided with  a  small  separating  funnel  of  65  cc.  capacity,  _  with 
glass  stop-cock.  This  is  a  very  material  aid  to  the  obtaining  of 
a  slow  and  even  evolution  of  gas,  an  important  desideratum 
when  all  loss  is'  to  be  avoided  ;  for  with  only  a  funnel  tube, 
every  time  a  small  portion  of  fluid  is  added,  a  sudden  rush  of 
gas  takes  place,  with  probably  a  small  but  still  more  or  less 
appreciable  loss.  But  the  separating  funnel,  filled  with  the  acid 
mixture,  can  be  so  arranged  as  to  give  a  constant  and  regular 
supply  of  fluid  at  the  rate  of  two  or  three  drops  per  minute, 
more  or  less.  The  gas  generated  is  dried  by  a  calcic  chloride 
tube,  and  then  passes  through  a  tube  of  hard  glass,  heated 
to  a  red  heat  by  a  miniature  furnace  of  three  Bunsen  lamps 
v/ith  spread  burners,  so  that  a  continuous  flame  of  6  inches 
is  obtained,  •  and  with  a  proper  length  of  cooled  tube  not 
a  trace  of  arsenic  passes  by.  The  glass  tube  where  heated  is 
v/ound  with  a  strip  of  wire  gauze,  both  ends  being  supported 
upon  the  edges  of  the  lamp  frame,  so  that  the  tube  does  not  sink 
down  when  heate_d.    The  small  furnace  is  provided  with  two 


*  American  Chem.  Journ.,  vol.  ii.,  No.  4;  Chem,  News,  Jan.  1881,  p.  21. 
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appropriate  side  pieces  of  sheet  metal,  so  that  a  steady  flame  is 
tleTh:  •  7^^"        'i^^-^i^V  of  arsenic  is  vLy Tall 

Se  .r.vn     ""l"'^"!      P^^^^^  mirror  is  depos^iteT  u 

of  0-Oo7  ^^^^  i«  present  to  the  extent 

so  arraniTtl.  ^         '^  '^^'^  ^^i^-^*-' 

the  fl3!  ^  l^^g*^         are  between 

i.  li      ^1*^'  ^^^^       q^a^tity  of  arsenic 

IS  less,  the  tube  can  naturally  be  smaller. 

Acids  of  different  strengths  are  made  as  follows  :— 

5000  cc.  H2O.  1640  cc.  Acid  No.  1. 

Acid  No.  4. 

■    ifi^A      P."""-^  ^2804.  530  cc.  pure  cone.  H2SO4. 

1640  cc.  Acid  No.  1.  1248  cc.  H2O. 


a 


25  to  35  grms.  of  granulated  zinc,  previously  alloyed  with  » 
small  quantity  of  platinum,  are  placed  in  the  generator,  and 
everything  being  in  position,  the  apparatus  is  filled  with 
hydrogen  by  the  use  of  a  small  quantity  of  acid  No.  2.  After 
a  sufficient  time  has  elapsed,  the  gas  is  lighted  at  the  jet,  and  the 
glass  tube  heated  to  a  bright  redness.  ' 

The  arsenical  solution  in  concentrated  form  is  mixed  with 
45  cc.  of  acid  No.  2,  and  the  mixture  passed  into  the  separating 
funnel,  from  which  it  is  allowed  to  flow  into  the  generator  at 
such  a  rate  that  the  entire  fluid  is  introduced  in  one  hour  or 
one  and  a  half;  40  cc.  of  acid  ISTo.  3  are  then  added  and  allowed 
to  flow  slowly  into  the  generator,  and,  lastly,  45  cc.  of  acid 
No.  4.  ^  The  amount  of  time  required  will  vary  with  the  amount 
of  arsenic :  2  to  3  mgrms.  of  arsenic  will  require  about  two  to  three 
hours  for  the  entire  decomposition,  while  4  to  5  mgrms.  will 
need  perhaps  three  to  four  hours.  Where  the  amount  of  arsenic 
is  small,  only  25  grms.  of  zinc  are  needed,  and  but  45  cc.  of  acid 
No.  2,  30  cc.  of  acid  No.  3,  and  30  cc.  of  acid  No.  4;  but  when 
4  to  5  mgrms.  of  arsenic  are  present,  it  is  better  to  take  the  first 
mentioned  quantities  of  zinc  and  acids. 

m  The  arsenic  being  thus  collected  as  a  large  or  small  mirror  of 
metal,  the  tube  is  cut  at  a  safe  distance  from  the  mirror,  so  that 
a  tube  of  perhaps  2  to  6  grms.  weight  is  obtained.  This  is  care- 
fully weighed,  and  then  the  arsenic  removed  by  simple  heating ; 
or,  if  the  arsenic  is  to  be  saved  (as  in  a  toxicological  case),  dissolved 
out  with  strong  nitric  acid.    The  tube  is  then  cleaned,  dried. 
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and  again  -weighed,  the  diflference  giving  the  -weight  of  metallic 
arsenic,  from  which,  by  a  simple  calculation  the  amount  of 
arsenious  oxide  can  be  obtained.  Some  test  results  are  given 
as  follows;  they  were  obtained  by  introducing  definite  quantities 
of  arsenious  oxide  in  the  form  of  a  solution  mixed  with  45  cc. 
of  No.  2  acid,  &c  : — 

Quantity  of  Wt.  of  Metallic      Theoretical  Wt.  of 

Arsenic  introduced.  Arsenic  found.       Metallic  Ai-senic. 

0-005  grm.  As^Og  0-00373  0-00378 

0-005   „  „  0-00370  .  0-00378 

0-004   „  „  0  00300  0-00303 

.0-002    „  „  0-00151  0-00151 

The  process  is,  on  the  whole,  both  convenient  and  accurate,  and 
is  highly  to  be  commended. 

§  645,  Evohdion  of  Arsine  hy  Means  of  Sodium  Amalgam. — The 
method  has  been  proposed  by  Dr.  E.  Davy,*  and  is  simply  the 
evolution  of  nascent  hydrogen  by  sodium  amalgam.  In  the 
original  paper  it  is  suggested  as  a  qualitative  test  only, 
and  paper  soaked  in  argentic  nitrate  solution  is  used  as  an 
indicator.  It  is,  however,  obvious  that  the  arsenic  evolved  may 
be  absorbed  by  argentic  nitrate  solution,  or  arsenic  deposited 
as  a  metallic  coating  in  the  tube.  A  sodium  amalgam  is  pre- 
pared by  adding  1  part  of  sodium  to  10  parts  of  mercury;  if  any 
quantity  of  this  amalgam  is  required,  the  sodium  may  be  melted 
under  parafiin,  and  poured  in  a  thin  stream  on  to  the  mercury,  f 
which  becomes  solid  sooner  than  the  paraflfin,  and  the  latter  may 
be  poured  oflT,  finally  cleansing  the  amalgam  by  petroleum  ether. 
This  amalgam  will  contain  no  arsenic;  but  in  a  medico-legal 
investigation  it  should  be  nevertheless  tested,  by  evolving 
hydrogen  from  water  with  it,  and  passing  the  gas  for  an  hour 
through  argentic  nitrate  solution.  A  little  silver  may  be  pre- 
cipitated, giving  the  solution  a  slightly  smoky  colour;  but  on 
freeing  the  solution  from  silver  by  HOI,  no  arsenic  should  be 
detected  by  hydric  sulphide  or  other  tests. 

The  quantitative  analysis  by  Davy's  test  is  made  by  placing 
in  a  flask  a  fractional  part  of  the  liquid  to  be  examined,  adding 
a  few  pieces  of  the  arhalgam,  and  conducting  the  evolved  gas 
into  a  4  per  cent,  argentic  nitrate  solution.  The  flask  may  be 
conveniently  fltted  up  with  an  india-rubber  cork  pierced  by  two 
tubes,  the  one  a  thistle  funnel-tube,  reaching  nearly  to  the 
bottom,  th6  other  commencing  at  the  lower  end  of  the  cork,  and 
leading  in  the  usual  way  into  the  silver  solution.    When  bubbles 


*  Chem.  News,  vol.  xxxiii.,  p,  58. 
t  Ibid.,  vol.  xxxiii.,  p.  94. 
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cease  to  come  off,  heat  should  be  applied,  and  the  last  trace  of 
arsme  driven  over  by  boiling.  After  boiling,  the  liquid  should 
be  cooled,  some  fresh  amalgam  added,  and  the  process  repeated 
until  no  arsine  is  evolved.  In  personal  experiments  upon  this 
method  (using  solutions  of  arsenious  acid  in  beer,  wine,  spirits, 
urme,  &c.)  the  writer  has  found  it  accurate,  although  often 
taking  considerable  time. 

§  646.  Precipiiation  as  Tersulphide. — Despite  the  advantages 
of  some  of  the  processes  described,  which  are  (to  a  certain  extent) 
new,  easy,  and  accurate,  not  a  few  chemists  still  prefer  the  old 
method  of  precipitation  with  hydric  sulphide  SH2,  because, 
although  tedious,  it  has  stood  the  test  of  experience.  "  If  this  be 
.  used,  it  is  well  in  most  cases  to  pass  sulphurous  anhydride 
through  the  liquid  until  it  smells  strongly  of  the  gas,  for  by 
this  means  any  arsenic  acid  present  is  reduced,  the  sulphurous 
anhydride  is  quickly  got  rid  of  by  a  current  of  carbonic  anhy- 
dride, and  then  the  liquid  is  saturated  with  hydric  sulphide. 
In  the  ordinary  way,  much  time  is  often  wasted  in  saturating 
the  liquid  with  this  gas.  Those,  however,  who  have  large 
laboratories,  and  daily  employ  hydric  sulphide,  possess  (or  should 
possess)  a  water  saturated  with  the  gas  under  pressure;  such  a 
liquid,  added  in  equal  volume  to  an  arsenical  solution,  is  able 
to  convert  the  whole  of  the  arsenic  into  sulphide  in  a  very  few- 
minutes.  Those  who  do  not  possess  this  hydric  sulphide  water 
can  saturate  in  an  hour  the  liquid  to  be  tested,  by  passing  the 
gas  in  under  pressure.  A  convenient  method  is  to  evolve  SHg 
from  sulphide  of  antimony  and  CIH;  the  gas  passes  first  into  a 
wash-bottle,  and  then  into  a  strong  flask  containing  the  solution 
under  trial.  This  flask  is  furnished  with  a  safety-valve,  propor- 
tioned to  the  strength  of  the  apparatus ;  the  two  tubes  dipping 
into  the  wash-bottle  and  the  last  flask  are  provided  with 
Bunsen's  valves,  which  only  allow  the  gas  to  pass  in  one'direc- 
tion.  The  hydric  sulphide  is  then  driven  over  by  heat,  and 
when  sulficient  gas  has  in  this  way  passed  into  the  liquid,  the 
flame  is  withdrawn,  and  the  apparatus  allowed  to  stand  for  some 
hours,  the  valves  preventing  any  backward  flow  of  the  liquid 
or  gas.  When  the  precipitate  has  settled  to  the  bottom,  the 
supernatant  fluid  is  carefully  passed  through  a  filter,  and  the 
precipitate  washed  by  decantation  in  the  flask,  without  trans- 
ference to  the  filter,  if  it  can  be  avoided. 

The  sulphide  thus  obtained  is  the  trisulphide  of  arsenic, 
mixed  with  sulphur,  and,  in  most  medico-legal  inquiries,  con- 
taminated by  organic  matter.  It  is,  therefore,  too  impure  to  be 
directly  weighed,  and  there  are  several  methods  of  purification 
open  to  the  analyst. 
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(a.)  Solution  in  Ammonia  and  Estimation  by  Iodine* — The 
filter  is  pierced,  the  sulphide  washed  into  a  flask  by  ammonia 
water  (which  need  not  be  concentrated),  and  dissolved  by- 
warming,  filtered  from  any  insoluble  matter,  and  estimated  by 
iodine  and  starch. 

[b.)  Drying  the  Purified  Precipitate  at  a  high  temjierature,  and 
then  directly  weighing.^ — The  sulphide  is  dissolved,  as  before,  in 
ammonia,  filtered,  and  evaporated  to  dryness  in  a  porcelain  dish, 
which  is  placed  with  its  contents  on  a  sand-bath,  and  heated 
carefully.  With  attention  it  is  easy  to  evaporate  off"  in  this 
way  any  free  sulphur,  %  and  to  carbonise  the  traces  of  organic 
matter,  without  any  volatilisation  of  the  sulphide  of  arsenic. 
The  black  mass  is  once  more  dissolved  in  ammonia,  filtered,  and 
the  filtrate  evaporated  in  a  tared  porcelain  dish  to  dryness,  and 
finally  weighed  as  sulphide  of  arsenic. 

(c.)  Oxidation  of  the  Sulphide  and  Preciintation  as  Amm,onia 
Magnesian  Arseniate,  or  Magnesia  Pyro-Arseniate. — The  tersul- 
phide,  as  before,  is  dissolved  in  ammonia  (not  omitting  the  filter 
paper,  which  should  be  soaked  in  this  reagent),  the  solution  filtei^ed, 
and  evaporated  to  dryness.  The  dry  residue  is  now  oxidised  by 
fuming  nitric  acid,  taking  care  to  protect  the  dish  with  a  large 
watch-glass  (or  other  cover)  during  the  first  violent  action ;  the 
dish  is  then  heated  in  the  water-bath  until  all  the  sulphur  has 
disappeared,  and  only  a  small  bulk  of  the  liquid  remains ;  it  is 
then  diluted  and  precipitated  by  "magnesia  mixture."§  The 
fluid  must  stand  for  several  hours,  and,  if  the  arsenic  is  to  be 
determined  as  the  usual  ammoniacal  salt,  it  must  be  passed 
through  a  weighed  filter,  and  washed  with  a  little  ammoniacal 
water  (1:3).  The  solubility  of  the  precipitate  is  considerable, 
and  for  every  1 6  cc.  of  the  filtrate  (not  the  washings)  1  mgrm.  must 
be  allowed.  The  precipitate  dried  at  100°,  2(NH4MgAs04)H20 
represents  39-47  per  cent,  metallic  arsenic. 

The  solubility  of  the  magnesium  arseniate  itself,  and  the 
general  dislike  which  chemists  have  to  weighing  in  such 
hygroscopic  material  as  a  filter  are,  perhaps,  the  main  reasons 
for  the  variation  of  this  old  method,  which  has  lately  come 

*  P.  Champion  and  H.  Pellet,  Bull.  Soc.  Ghim.  [2],  xxvj.,  pp.  541-544. 

+  F.  Molir,  Chem.  Toxicologic,  p.  56. 

t  Ammonia  always  dissolves  some  free  sulplnu'. 

§  Magnesia  Mixture  : — 

Sulphate  of  magnesia,      ......  1 

Chloride  of  ammonium,    ......  l 

Solution  of  ammonia,       .    '   4 

Water,   S 

dissolve;  then  allow  to  stand  for  several  days;  finally  filter,  and  keep  for  use. 
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into  notice.  Eose  proposed  some  time  ago  the  conversion 
of  the  double  salt  into  the  pyro-arseniate— a  method  condemned 
by  Fresenius  and  Parnell,  but  examined  and  pronounced 
a  practicable  and  accurate  process  by  Eemol,  Eaunnelsberg, 
Thorpe,  Puller,  Wittstein,  Emerson,  Macivor,  Wood,  and  Brauner! 
The  modification  of  Eose's  process,  recommended  by  Wood,*  and 
still  further  improved  by  Brauner,t  may  be  accepted. 

The  precipitation  is  effected  by  magnesia  mixture,  with  the 
addition  of  half  its  bulk  of  alcohol.  The  solution  is  allowed  to 
stand  for  several  hours,  until  it  is  possible  to  decant  the  clear 
liquid  from  the  precipitate ;  the  latter  is  now  dissolved  in  CIH, 
reprecipitated  as  before,  thrown  on  a  small  filter,  and  washed 
with  a  mixture  of  one  volume  of  ammonia,  two  volumes  of  alcohol, 
and  three  of  water. 

The  precipitate  is  now  dried,  and  transferred  as  completely  as 
possible  from  the  filter  into  a  small  porcelain  crucible,  included 
in  a  larger  one  made  of  platinum,  moistened  with  nitric  acid, 
covered  and  Seated  at  first  gently,  lastly  to  a  bright  redness;  the 
filter  is  then  treated  similarly,  and  the  crucible  with  its  contents 
weighed.  Pyro-arseniate  of  arsenic  (MggAsgOy)  contains  48-29 
per  cent,  of  metallic  arsenic. 

{d.)  Conversion  of  the  TrisulpMde  of  Arsenic  into  the  Arsenomo- 
lyhdate  of  Ammonia. — The  purified  sulphide  is  oxidised  by  nitric 
acid,  the  acid  solution  is  rendered  alkaline  by  ammonia,  and  then 
precipitated  by  a  molybdenum  solution,  made  as  follows : — 100 
grms.  of  molybdic  acid  are  dissolved  in  150  cc.  of  ordinary 
ammonia  and  80  of  water;  this  solution  is  poured  drop  by  drop 
into  500  cc.  of  pure  nitric  acid  and  300  cc.  of  water;  it  is  allowed 
to  settle,  and,  if  necessary,  filtered.  The  molybdic  solution  must 
be  mixed  in  excess  with  the  liquid  under  treatment,  the  tempera- 
ture raised  to  70°  or  80°,  and  nitric  acid  added  in  excess  until  a 
yellow  coloration  appears;  the  liquid  is  then  passed  through  a 
tared  filter,  and  dried  at  100°.  It  contains  5-1  per  cent,  of 
arsenic  acid  [3-3  As].{ 

(e.)  Conversion  of  the  Sulphide  into  Metallic  Arsenic. — If  there 
should  be  any  doubt  as  to  the  nature  of  the  precipitated  sub- 
stances, the  very  best  way  of  resolving  this  doubt  is  to  reduce 
the  sulphide  to  metal.  The  original  process  of  Fresenius  was  to 
mix  the  sulphide  with  carbonate  of  soda  and  cyanide  of  potas- 
sium, and  place  the  mixture  in  the  wide  part  of  a  tube  of  hard 
German  glass,  drawn  out  at  one  end  to  a  capillary  fineness.  Car- 
bonic anhydride,  properly  dried,  was  passed  through  the  tube, 

*  Zeltschrift  fur  Anal.  Chem.,  vol.  xiv.,  p.  356. 
t  JUd.,  xvj.,  pp.  57,  58. 

$  Champion  and  Pellett,  Bull.  Soc.  CUm.,  Jan.  7,  1877. 
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and  the  portion  containing  the  mixture  heated  to  redness;  m 
this  way  the  arsenical  sulphide  was  reduced,  and  the  metal  con- 
densed in  the  capillary  portion,  where  the  smallest  quantity  could 
be  recoo'nised.  A  more  elaborate  and  accurate  process,  based  on 
the  same  principles,  has  been  advocated  by  Mohr.* 

A  convenient  quantity  of  carbonate  of  soda  is  added  to  the 
sulphide,  and  the  whole  mixed  with  a  very  little  water,  and 
gently  warmed.  The  yellow  precipitate  is  very  soon  dissolved, 
and  then  the  whole  is  evaporated  carefully,  until  it  is  in  a  granular, 
somewhat  moist,  adhesive  state.  It  is  now  transferred  to  a  glass 
tube,  open  at  top  and  bottom,  but  the  top  widened  into  a  funnel; 
this  tube  is  firmly  held  perpendicularly  on  a  glass  plate,  and  the 
prepared  sulphide  hammered  into  a  compact  cylinder  by  the  aid 
of  a  glass  rod,  which  just  fits  the  tube.  The  cylinder  is  now  dried 
over  a  flame,  until  no  more  moisture  is  to  be  detected,  and  then 
transferred  into  a  glass  tube  four  or  five  inches  long,  and  with 
one  end  drawn  to  a  point  (the  weight  of  this  tube  should  be  first 
accurately  taken).  The  tube  is  connected  with  the  following 
series: — (1.)  A  chloride  of  calcium  tube;  (2.)  a  small  bottle 
containing  nitrate  of  silver;  (3.)  a  hydrogen-generating  bottle 
containing  zinc  and  sulphuric  acid.  The  hydrogen  goes  through 
the  argentic  nitrate  solution,  leaving  behind  any  sulphur  and 
arsenic  it  may  contain;  it  is  then  dried  by  chloride  of  calcium, 
and  streams  in  a  pure  dry  state  over  the  cylinder  of  prepared 
sulphide  (no  error  with  regard  to  impurities  in  the  gas  is  likely 
to  occur;  but  in  rigid  inquiries  it  is  advisable  to  heat  a  portion 
of  the  tube,  previous  to  the  insertion  of  the  cylinder,  for  some 
time,  in  order  to  prove  the  absence  of  any  external  arsenical 
source) ;  when  it  is  certain  that  pure  hydrogen,  unmixed  with 
air,  is  being  evolved,  the  portion  of  the  tube  in  which  the 
cylinder  rests  is  heated  slowly  to  redness,  and  the  metallic 
arsenic  sublimes  at  a  little  distance  from  the  source  of  heat. 
Loss  is  inevitable  if  the  tube  is  too  short,  or  the  stream  of 
hydrogen  too  powerful. 

The  tube  after  the  operation  is  divided,  the  portion  soiled  by 
the  soda  thoroughly  cleansed,  and  then  both  parts  weighed;  the 
difference  between  the  weight  of  the  empty  tube  and  the  tube  + 
arsenic  gives  the  metallic  arsenic.  This  is  the  process  as  recom- 
mended by  Mohr;  it  may,  however,  be  pointed  out  that  the 
glass  tube  itself  loses  weight  when  any  portion  of  it  is  kept 
red-hot  for  some  little  time ;  and,  therefore,  unless  the  crust  is 
required  in  the  original  tube,  it  is  better  to  divide  it,  carefully 
weigh  the  arsenical  portion,  remove  the  crust,  and  then  reweigh. 


*  Mohr'a  Toxicologic,  p.  57. 
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The  method  is  nearly  but  not  perfectly  accurate;  for  if  the  white 
alkaline  residue  be  examined,  arsenic  will  be  detected  in  it,  the 
reason  being  that  the  arsenical  sulphide  generally  contains  penta- 
sulphide  ol  arsenic  as  well  as  free  sulphur.  Now  the  pentasul- 
phide  does  not  give  up  metallic  arsenic  when  treated  as  before 
detailed;  nor,  indeed,  does  the  trisulphide,  if  mixed  with  much 
sulphur,  yield  an  arsenical  crust.  It  is,  therefore,  of  great 
moment  to  free  the  precipitate  as  much  as  possible  from  sulphur, 
before  attempting  the  reduction. 

The  development  of  a  reducing  gas  from  a  special  and  some- 
what complicated  apparatus  is  not  absolutely  necessary.  The 
whole  process  of  reduction,  from  beginning  to  end,  may  take 

place  in  a  single  tube  by  any  of  the  following  processes:  (1.) 

The  sulpliide  is  mixed  with  oxalate  of  soda  (a  salt  which  contains 
no  water  of  crystallisation),  and  the  dry  mixture  is  transferred 
to  a  suitable  tube,  sealed  at  one  end.  An  arsenical  mirror  is 
readily  obtained,  and,  if  the  heat  is  continued  long  enough,  no 
arsenic  remains  behind — an  excellent  and  easy  method,  in  which 
the  reducing  gas  is  carbonic  oxide,  in  an  atmosphere  of  carbonic 
anhydride.  (2.)  The  sulphide  is  oxidised  by  aqua  regia,  and  the 
solution  evaporated  to  complete  dryness.  The  residue  is  then 
dissolved  in  a  few  drops  of  water,  with  the  addition  of  some 
largish  grains  of  good  wood  charcoal  (which  absorb  most  of  the 
solution),  and  the  whole  carefully  dried.  The  mass  is  now  trans- 
ferred to  a  tube  closed  at  one  end,  a  little  charcoal  added  in  the 
form  of  an  upper  layer,  and  heat  applied  first  to  this  upper  layer, 
so  as  to  replace  the  air  with  COg,  and  then  to  bring  the  whole 
tube  gradually  to  redness  from  above  downwards.  In  this  case 
also  the  whole  of  the  arsenic  sublimes  as  a  metallic  mirror. 

There  are  various  other  modifications,  but  the  above  are  trust- 
worthy, and  quite  sufficient.  Brugelmann's  method  of  deter- 
mining arsenic,  elsewhere  described,  would  appear  to  possess 
some  advantages,  and  to  promise  well;  but  the  writer  has  had 
no  personal  experience  of  it  with  regard  to  arsenic. 

§  647.  Conversion  of  Arsenic  into  Arsenious  Chloride  (AsOlg). — 
This  process,  first  employed  by  Schneider  and  Fyfe,  and  after- 
wards modified  by  Taylor,  differs  from  all  the  preceding,  since  an 
attempt  is  made  to  separate  by  one  operation  volatile  metallic 
chlorides,  and  to  destroy  the  organic  matter,  and  thus  obtain  two 
liquids — one  a  distillate — tolerably  clear  and  free  from  solid 
particles,  whilst  the  mass  in  the  retort  retains  such  metals  as. 
copper,  and  is  in  every  way  easy  to  deal  with. 

Schneider  and  Fyfe  employed  sulphuric  acid  and  common  salt; 
but  Taylor  recommends  hydrochloric  acid,  which  is  in  every 
respect  preferable.    As  recommended  by  Taylor,  all  matters, 
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ort^anic  or  otherwise,  are  to  be  completely  desiccated  before  their 
introduction  into  a  retort,  and  on  these  dried  substances  sufficient 
pure  hydrochloric  acid  poured,  and  the  distillation  pushed  to 
dryness.  Every  one  is  well  aware  how  tedious  is  the  attempt  to. 
dry  perfectly  the  organs  of  the  body  (such  as  liver,  &c.)  at  any 
temperature  low  enough  to  ensure  against  volatilisation  of  such, 
a  substance  as,  e.g.,  calomel.  This  drying  has,  therefore,  been 
the  great  stumbling-block  which  has  prevented  the  general  appli- 
cation of  the  process.  It  will  be  found,  however,  that  drying  in 
the  ordinary  way  is  by  no  means  necessary.  The  writer  cuts  up 
the  solid  organ  (such  as  liver,  brain,  &c.)  with  scissors  into  small 
pieces,  and  transfers  them  to  a  retort  fitted  by  an  air-tight  joint 
to 'a  Liebig  condenser;  the  condenser  in  its  turn  being  connected 
with  a  flask  by  a  tube  passing  through  an  india-rubber  stopper. 
Another  tube  from  the  same  flask  is  connected  with  india-rubber 
piping,  which  terminates  ultimately  by  an  iron  tube,  in  an  open 
tire,  furnace  chimney,  or  other  place  convenient  for  conveying  off 
the  very  ofiensive  vapours  from  the  laboratory.  The  distillation 
is  now  carried  on  to  carbonisation ;  on  cooling,  a  second  quantity 
of  hydrochloric  acid  is  added,  and  the  last  fraction  of  the  distillate 
examined  for  arsenic.  If  any  is  found,  a  third  distillation  is 
necessary.  At  the  termination  of  the  operation  the  retort  is 
washed  with  watei',  the  solution  filtered,  and  this  solution  and 
the  distillate  are  each  separately  examined  for  arsenic.  If  pro- 
perly performed,  however,  the  second  distillation  brings  over  the 
Avhole  of  the  arsenical  chloride,*  and  none  will  be  found  in  the 
retort.  With  good  management  there  is  no  odour,  nor  is  there 
any  loss  of  substance.  In  the  distillate  the  arsenic  can  hardly 
be  in  the  form  of  arsenious  chloride,  but  rather  arsenious  acid 
and  hydrochloric  acid;  for  the  chloride  easily  splits  up  in  the 
presence  of  water  into  these  substances.  However  that  may  be, 
it  is  in  a  condition  to  be  very  easily  dealt  with.  It  is,  perhaps, 
best  to  convert  it  into  the  trisulphide.  Taylor  t  recommends 
evolving  arsine  in  the  usual  way,  and  passing  the  arsine  (AsHg) 
into  solution  of  silver  nitrate,  finally  estimating  it  as  an  arseniate 
of  silver.  Objections  with  regard  to  the  impurity  of  reagents 
should  be  met  by  blank  expei'iments.  Kaiser  J  has  proposed 
and  practised  a  modification  of  this  method,  which  essentially 

*  DragendorfF  asserts  to  the  contrary  ;  but  we  may  quote  the  authority 
of  Taylor,  who  has  made  several  experiments,  in  which  he  obtained  all  the 
arsenic  as  chloride.  The  writer  has  performed  the  process  many  times, 
each  time  carefully  testing  the  mass  in  the  retort  for  arsenic ;  but  the  result 
proved  that  it  had  entirely  passed  over. 

t  "Principles  of  Medical  Jurisprudence,"  vol.  i.,  p.  267. 

t  Zeilschr.f.  Anal.  Chem.,  xiv.,  pp.  250-281. 
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consists  m  the  use  of  sulphuric  acid  and  sodic  chloride  (as  in 
fechneider  and  Fyfe's  original  process),  and  in  passing  the  distil- 
late trst  into  a  flask  containing  a  crystal  or  two  of  potassium 
chlorate,  and  thence  into  an  absorption  bulb;  in  the  latter  most 
of  the  arsenic  is  found  in  the  form  of  arsenic  acid,  the  chloride 
having  been  oxidised  in  its  passage.  The  apparatus  is,  however, 
complicated  m  this  way  without  a  corresponding  advantage.* 
Lastly,  E.  Fischer  t  has  shown  that  it  is  a  considerable  advantage 
to  add  from  10  to  20  cc.  of  a  saturated  solution  of  ferrous  chloride 
before  distilling  with  HCl.  In  this  way,  all  the  arsenic, 
whether  as  arsenic  or  arsenious  acids,  is  easily  converted  into 
chloride. 


2.  ANTIMONY. 


§  648.  Metallic  Antimony.— Atomic  weight,  120-3  (R.  Schneider), 
120-14  (OookJ);  specific  gravity,  6-715;  fusing  point  about 
621°  (1150°F.)  In  the  course  of  analysis,  metallic  antimony 
may  be  seen  as  a  black  powder  thrown  down  from  solutions;  as 
a  film  deposited  on  copper  or  platinum;  and,  lastly,  as  a  ring  on 
the  inside  of  a  tube  from  the  decomposition  of  stibine.  At  a 
bright  red-heat  it  is  volatilised  slowly,  even  when  hydrogen  is 
passed  over  it;  chlorine,  bromine,  and  iodine  combine  with  it 
directly.  It  may  be  boiled  in  concentrated  OIH  without  solu- 
tion ;  but  aqua  regia,  sulphides  of  potassium  and  sodium  readily 
dissolve  it.  The  distinction  between  thin  films  of  this  metal 
and  of  arsenic  on  copper  and  glass  are  pointed  out  at  pp.  526  and 
527.  It  is  chiefly  used  in  the  arts  for  purposes  of  alloy,  and  enters 
to  a  small  extent  into  the  composition  of  fireworks  (vide  p.  504). 

§  649.  Antimonious  Sulphide. — Sulphide  of  antimony  =  340; 
composition  in  100  parts,  Sb  71-76,  S  28-24.  The  commercial 
article,  known  under  the  name  of  black  antimony,  is  the  native 
sulphide,  freed  from  silicious  matter  by  fusion,  and  afterwards 
pulverised.  It  is  a  crystalline  metallic-looking  powder,  of  a 
steel-grey  colour,  and  is  often  much  contaminated  with  iron, 
lead,  copper,  and  arsenic. 

The  amorphous  sulphide  (as  obtained  by  saturating  a  solution 

*  Sebni  {Atti  dell.  Accademia  dei  Lincei,  Fasc.  ii.,  1879),  proposed  a  modi- 
fication of  Schneider's  process.  The  substances  are  treated  with  hot,  pure 
sulphuric  acid,  and  at  the  same  time  the  liquid  is  traversed  by  a  stream  of 
hydrochloric  acid  gas.  The  resulting  distillate  is  tested  for  arsenic  by 
Marsh's  process.  Sebni  states  that,  operating  in  this  way,  he  has  detected 
Thu  of  a  mgrm.  of  AS2O3  in  100  grms.  of  animal  matter. 

f  Scheidung  u.  Bestimmung  d.  Arsens.  Leibig's  Annalen  d.  Chemie, 
Bd.  ccvii.,  p.  182. 

$  Ann.  Phys.  GUm.,  (2),  v.,  op.  255-281. 
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of  tartar  emetic  ■with  SHg)  is  an  orange-red  powder,  soluble  in 
potash,  amnionic,  sodic,  and  potassic  sulphides;  and  dissolving 
also  in  concentrated  hydrochloric  acid  with  evolution  of  SHg. 
It  is  insoluble  in  water  and  dilute  acid,  scarcely  dissolves  in 
carbonate  of  ammonia,  and  is  quite  insoluble  in  potassic  bisul- 
phite. If  ignited  gently  in  a  stream  of  carbonic  acid  gas,  the 
weight  remains  constant.  To  render  it  anhydrous  a  heat  of 
200°  is  required. 

The  recognition  of  arsenic  in  the  commercial  sulphide  is  most 
easily  effected  by  placing  2  grms.  or  more  in  a  suitable  retort 
(with  condenser),  adding  hydrochloric  acid,  and  distilling.  The 
chloride  of  arsenic  passes  over  before  the  chloride  of  antimony; 
and  by  not  raising  the  heat  too  high,  very  little  antimony  will 
come  over,  even  if  the  distillation  be  carried  almost  to  dryness. 
The  arsenic  is  detected  in  the  distillate  by  the  ordinary  methods. 

Several  lamentable  accidents  have  happened  recently  through 
mistaking  the  sulphide  of  antimony  for  oxide  of  manganese,  and 
using  it  with  potassic  chlorate  for  the  production  of  oxygen.  The 
addition  of  a  drop  of  hydrochloric  acid,  it  is  scarcely  necessary 
to  say,  will  distinguish  between  the  two. 

Antimony  is  frequently  estimated  as  sulphide.  An  amorphous 
tersulphide  of  mercury,  containing  a  small  admixture  of  anti- 
monious  oxide  and  sulphide  of  potassium,  is  known  under  the 
name  of  Kermes  mineral,  and  has  lately  been  employed  in  the 
vulcanising  of  india-rubber.  Prepared  in  this  way,  the  latter 
may  be  used  for  various  purposes,  and  thus  become  a  source  of 
danger.  It  behoves  the  analyst,  therefore,  in  searching  for  anti- 
mony, to  take  special  care  not  to  use  any  india-rubber  fittings 
which  might  contain  the  preparation. 

A  TpentamlfUde  of  antimony  (from  the  decomposition  of 
Sch  eppes  salt  [NagS^S,  +  QH^O],  when  heated  with  an  acid)  is 
used  m  calico-printing. 

§  650.  Tartarated  Antimony,  Tartrate  of  Potash  and  Antimony, 
or  lartar  Emetic,  i^,  in  a  medico-legal  sense,  the  most  important 
of  the  antimonial  salts.  Its  formula  in  KSbO^H.O-H^O,  and 
100  parts,  theoretically,  should  contain  35-2  per  cent,  of  metallic 
antimony.  According  to  the  B.P.,  20  grains  (1-296  grm.)  dissolve 
without  residue  m  an  ounce  (28-396  cc.)  of  water;  and  the 
solution  gives  with  sulphuretted  hydrogen  an  orange  precipi- 
tate, which,  when  weighed  and  dried  at  100°  (212°F  )  weighs 
9-1  grains  (-641  grm.).    Tartar  emetic  occurs  \n  comiieTce  in 

rietSgfr^r^f '     "'^'^'^^^  ^''^'"''^ 

l^tPtim^T'^  Ir*^'  '^^^l^ifS       (P-  242),  decrepitates  at 
3    (380  F.),  sublimes  at  248-8°  (480°F.)  very  slowly  and 
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scantily,  and  chars  at  a  still  higher  temperature,  287 '7°  (550°F.). 
On  evaporating  a  few  drops  of  a  solution  of  tai-tar  emetic,  and 
examining  the  residue  by  the  microscope,  the  crystals  are  either 
tetrahedra,  cubes,  or  branched  figures.  100  parts  of  cold  water 
dissolve  5  of  tartar  emetic,  whilst  the  same  quantity  of  boiling 
water  dissolves  ten  times  as  much — viz.,  50.  The  watery  solution 
decomposes  readily  with  the  formation  of  algse;  it  gives  no' 
precipitate  with  ferrocyanide  of  potassium,  chloride  of  barium,  or 
nitrate  of  silver,  unless  concentrated. 

§  651.  Metantimonic  Acid,  so  familiar  to  the  practical  chemist 
from  its  insoluble  sodium  salt,  is  technically  applied  in  the 
painting  of  glass,  porcelain,  and  enamels;  and  in  an  impure 
condition,  as  antimony  ash,  to  the  glazing  of  earthenware. 


§  652.  Pharmaceutical,  Veterinary,  and  Quach  Preparations 

of  Antimony.* 

(1.)  Pharmaceiiiical  Preparations  : — 

Oxide  of  Antimony  (SbgOg)  is  a  white  powder,  fusible  at_  a  low 
red  heat,  and  soluble  without  effervescence  in  hydrochloric  acid, 
the  solution  responding  to  the  ordinary  tests  for  antimony. 
Arsenic  may  be  present  in  it  as  an  impurity ;  the  readiest  means 
of  detection  is  to  throw  small  portions  at  a  time  on  glowing 
charcoal,  when  very  small  quantities  of  arsenic  will,  under  such 
conditions,  emit  the  peculiar  odour.  Carbonate  of  lime  appears 
also  to  have  been  found  in  the  oxide  of  commerce. 

Antimonial  Powder  is  composed  of  one  part  of  oxide  of  anti- 
mony and  two  parts  of  phosphate  of  lime;  in  other  words,  it 
ought  to  give  33-3  per  cent,  of  SbgOg.  ,  ^.i 

Tartar  Emetic  itself  has  been  already  described.  The  prepara- 
tions used  in  medicine  are— 

The  Wine  of  Antimony  (Vinum  antvmomale),  which  is  a  solution 
of  tartar  emetic  in  sherry-wine,  and  should  contain  10  grains  of 
the  salt  in  each  ounce  of  the  wine  (2-27  grms.  m  100  cc).  _ 

Antimony  Ointment  {Unguentum  antimomz  tartaratz)  is  a 
mechanical  mixture  of  tartar  emetic  and  lard,  or  simple  omt^ 
mentjt  strength,  20  per  cent.  There  is  no  recorded  case  of 
Conviction  for  th^  adulteration  of  tartar  emetic;  cream  of  tartar 

*  The  history  of  antimony  as  a  di-ug  is  curious.  "^^^^^Jf  P:°^^^t^> 

confining  its  use  to  the  doctors  of  the  iaculty. 
t  Simple  ointment  is  composed  of  white  wax  2,  lard  6,  aimona  on  o  i  * 
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is  the  only  probable  addition.  In  such  a  case  the  mixture  is 
less  soluble  than  tartar  emetic  itself,  and  on  adding  a  small 
quantity  of  carbonate  of  soda  to  a  boiling  solution  of  the  sus- 
pected salt,  the  precipitated  oxide  at  first  thrown  down,  becomes 
redissolved. 

Solution  of  Chloride  of  Antimony  is  a  solution  of  the  terchloride 
in  hydrochloric  acid;  it  is  a  heavy  liquid  of  a  yellowish  red 
colour,  powerfully  escharotic;  its  specific  gravity  is  1-47;  on 
dilution  with  water,  the  whitish-yellow  oxychloride  of  antimony 
is  precipitated.  One  drachm  (3-549  cc.)  mixed  with  4  ounces 
(112  cc.)  of  a  solution  of  tartaric  acid  (-25  :  4),  gives  a  precipitate 
with  SHg,  which  weighs  at  least  22  grains  (1-425  grm.).  This 
liquid  is  used  on  very  rare  occasions  as  an  outward  application 
by  medical  men;  .farriers  sometimes  employ  it  in  the  foot-rot  of 
sheep. 

Sulphurated  Antimony  (Antimonium  sulphicratum)  is  a  mix- 
ture of  sulphide  of  antimony,  SbgSg,  with  a  small  and  variable 
amount  of  oxide,  Sh^O^.  The  P.B.  states  that  60  grains  (3-888 
grms.)  dissolved  in  OIH,  and  poured  into  water,  should  give 
a  white  precipitate  of  oxychloride  of  antimony,  which  (properly 
washed  and  dried)  weighs  about  53  grains  (3-444  grms.). 
The  officinal  compound  pill  of  subchloride  of  mercury  (Filala 
hydrargyri  suhchloridi  composita)  contains  1  grain  (-0648  grm.) 
of  sulphurated  antimony  in  every  5  grains  (-324  grm.),  i.e.,  20 
per  cent. 

(2.)  Patent  and  Quack  Pills : — 

Dr.  J.  Johnson's  Pills. — From  the  formula  each  pill  should 
contain : — 


_,             ,                                                Grains.  Grms. 

Compound  Extract  of  Colocynth,       .       2-5  =  -162 

Calomel,  -62  =  -039 

Tartar  Emetic,  '        -04  =  -002 

Oil  of  Cassia,  -12  =  -007 

3-28  =  -210 


The  oil  of  cassia  can  be  extracted  by  petroleum  ether  •  the 
calomel  sublimed  and  identified  by  the  methods  given  in  the 
article  on  "Mercury;"  the  antimony  deposited  in  the  metallic  state 
on  platinum  or  tm;  and  the  colocynth  extracted  by  dissolvinc^ 
m  water,  acidifying,  and  shaking  up  with  chloroform  On 
evaporating  the  chloroform  the  residue  should  taste  extremely 
bitter;  dissolved  in  sulphuric  acid  it  changes  to  a  red  colour 
and  dissolved  m  Frohde's  reagent  to  a  cherry-red.  It  should  also 
have  the  ordinary  reactions  of  a  glucoside. 
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MitcheWs  Pills  contain  in  each  pill : — 

Grains.  Grms. 

Aloes,  1-1  =  -070 

Ehubarb,  1-6  =  -103 

Calomel,  -16  =  -010 

Tartar  Emetic,       ....         -05  =  -003 


2-91   =  -186 

The  mineral  substances  in  this  are  easy  of  detection  by  the 
methods  already  given ;  the  aloes  by  the  formation  of  chrysammic 
acid,  and  the  rhubarb  by  its  microscopical  characters. 

BixovbS  Fills  probably  contain  the  following  in  each  pill : — 

Grains.  Grms. 

Compound  Extract  of  Colocynth,  2'0  =  '1296 

Rhubarb,   1-0  =  -0648 

Tartar  Emetic,      ....  -06  =  -OOSS 


3-06     =  -1982 


(3.)  Antimonial  Medicines,  chiefly  Veterinary: — * 
Liver  of  Antiviony  is  a  preparation  formerly  much  used  by 
farriers.  It  is  a  mixture  of  antimonious  oxide,  sulphide  of 
potassium,  carbonate  of  potassium,  and  undecomposed  trisulphide 
of  antimony  (and  may  also  contain  sulphate  of  potassium),  all  in 
very  undetermined  proportions.  When  deprived  of  the  soluble 
potash  salts,  it  becomes  the  washed  saffron  of  antimony  of  the  old 
pharmacists.  A  receipt  for  a  grease-ball,  in  a  modern  veterinary 
work,  gives,  with  liver  of  antimony,  cream  of  tartar  and  guiacum 
as  ingredients. 

Hind's  Sweating-hall  is  composed  of  60  grains  (3-888  grms.)  of 
tartar  emetic  and  an  equal  portion  of  assafoetida,  made  up  into  a 
ball  with  liquorice  powder  and  syrup.  The  assafoetida  will  be 
readily  detected  by  the  odour,  and  the  antimony  by  the  methods 
already  recommended. 

Ethiops  of  Antimony,  very  rarely  used  now,  is  the  mechanical 
mixture  of  the  sulphides  of  antimony  and  mercury— proportions, 
3  of  the  former  to  2  of  the  latter. 

*  There  has  lon^  prevailed  an  idea  (the  truth  of  which  is  doubtful)  that 
antimony  given  to""  animals,  improves  their  condition ;  thus,  the  Encyclop. 
Brit  5th  ed  Art.  ' '  Antimony : "— "  A  horse  that  is  lean  and  scrubby,  and 
not  to  be  fatted  by  any  means,  will  become  fat  on  taking  a  dose  of  antimony 
every  momina  for  two  months  together.  A  boar  fed  for  brawn  and  having 
an  ounce  of  aStimony  given  him  every  mornmg,  will  become  fat  a  fortnight 
sooner  than  others  put  into  the  stye  at  the  same  time,  and  fed  m  the  same 
manner,  but  without  the  antimony."  Probably  the  witer  means  by  the 
ter^ antimony  the  impure  sulphide.  To  this  may  be  added  the  nndoubted 
fact,  that  in  Brunswick  the  breeders  of  fat  geese  add  a  smaU  quantity  of 
antimonious  oxide  to  the  food,  as  a  traditional  custom. 
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The  Floioers  of  Antimony  is  an  impure  oxy sulphide  of  anti- 
mony, with  variable  proportions  of  trioxide  and  undecomposed 
trisulphide. 

Diaphoretic  Antimony  {calcined  antimony)  is  simply  antimoniate 
of  potash. 

Glass  of  A  ntimony  is  a  mixture  of  sulphide  and  oxide  of  anti- 
mony, contaminated  with  a  small  quantity  of  silica  and  iron. 

A  quack  pill,  by  name.  Ward's  Red  Pill,  is  said  to  contain 
glass  of  antimony  and  dragon's  blood. 

Antimonial  compounds  used  in  Pyrotechny: — 


Blue  fire : — 

Antimonious  Sulphide, 

Sulphur,  . 

Nitre, 


1 
2 
6 


This  composition  is  used  for  the  blue  or  Bengal  signal-light  at 
sea.  Bisulphide  of  carbon  and  water  are  solvents  which  will 
easily  separate  the  powder  into  its  three  constituents. 


Crimson  Fire :  — 
Potassic  Chlorate, 
Alder  or  Willow  Charcoal, 
Sulphur, 

Nitrate  of  Strontia, 
Antimonious  Sulphide, 


17 -25 

4-  5 
18- 
55- 

5-  5 


The  spectroscope  will  readily  detect  strontia  and  potassium, 
and  the  analysis  presents  no  difficulty.  In  addition  to  these  a 
very  great  number  of  other  pyrotechnical  preparations  contain 
antimony. 

§  653.  Alloys. — Antimony  is  much  used  in  alloys.  The 
ancient  Pocula  emetica,  or  everlasting  emetic  cups,  were  made 
of  antimony,  and  with  wine  standing  in  them  for  a  day  or  two, 
they  acquired  emetic  properties.  The  principal  antimonial  alloys 
are  Britannia  and  type  metal,  the  composition  of  which  is  as 
follows : — 


Britannia  Metal,  Best, 

Common, 
For  Castings, 
For  Lamps, 


Tin, 
per  cent. 
92  0 
92  1 
92-9 
94  0 


Type  Metal,  . 
Metal  for  Stereotype, 


Tea  Lead, 
per  cent. 
(1-)  75 
(2.)  70 
84-2 


Copper, 

Antimony, 

per  cent. 

per  cent. 

1-8 

6-2 

2-0 

5-9 

1-8 

5-3 

1-3 

4-7 

Antimony, 

Block  Tin, 

per  cent. 

per  cent. 

20 

5 

25 

5 

13-5 

2-3 

There  is  also  antimony  in  brass,  concave  mirrors,  bell-metal,  &c. 
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§  654.  Pigmenis.—Gsissella  and  Naples  yellow  are  principallv 
composed  of  the  antimoniate  of  lead. 

Antimony  Yellow  is  a  mixture  of  antimoniate  of  lead  with 
basic  chloride  of  lead. 

§  655.  Dose.— A  medicinal  dose  of  a  soluble  antimonial  salt 
should  not  exceed  97-2  mgrms.  (U  grain).  With  circumstances 
favouring  its  action,  a  dose  of  129-6  mgrms.  (2  grains)  has  proved 
fatal;*  but  this  is  quite  exceptional,  and  few  medical  men  would 
consider  so  small  a  quantity  dangerous  for  a  healthy,  adult, 
especially  since  most  posological  tables  prescribe  tartar  emetic  as 
an  emetic  in  doses  from  64-8  to  194-4  mgrms.  (1  to  3  grains).  The 
smallest  dose  which  has  killed- a  child  appears  to  be  48-5  mgrms. 
(I  grain).!  The- dose  of  tartar  emetic  for  horses  and  cattle  is 
very  large,  as  much  as  5-832  grms.  (90  grains)  being  often  given 
to  a  horse  in  his  gruel  three  times  a  day.  3-8  grms.  (60  grains) 
are  considered  a  full,  but  not  an  excessive,  dose  for  cattle; 
•38  grm.  (6  grains)  is  used  as  an  emetic  for  pigs,  and  half  this 
quantity  for  dogs. 

§  656.  affects  of  Tartar  Emetic  and  of  Antimony  Oxide  on  Animals. 
— Large  doses  of  tartar  emetic  act  on  the  warm-blooded  animals 
as  on  man ;  whether  the  poison  is  taken  by  the  mouth,  or  injected 
subcutaneously,  all  animals  able  to  vomit^  do  so.  The  heart's 
action,  at  first  quickened,  is  afterwards  slowed,  weakened,  and 
lastly  paralysed.  This  action  is  noticed  in  cold  as  well  as  in 
warm-blooded  animals.  It  is  to  be  ascribed  to  a  direct  action  on 
the  heart ;  for  if  the  brain  and  spinal  cord  of  the  frog  be  destroyed 

*  Taylor,  Ghiy's  Hasp.  Reports,  Oct.,  1857. 
•f"  Op.  cit. 

X  L.  Hermann  {Lehrhucli  der  Experimentdlen  Toxicologie)  remarks  that 
the  vomiting  must  be  considered  as  a  reflex  action  from  the  inflammatory- 
excitement  of  the  digestive  apparatus,  especially  of  the  stomach.  It  is 
witnessed  if  the  poison  is  administered  subcutaneously  or  injected  into  the 
brain.  Indeed,  it  is  established  that  (at  least,  so  far  as  the  muscles  are 
concerned)  the  co-ordiaated  movements  producing  vomiting  are  caused  by 
excitement  of  the  medulla  oblongata.  Giannussi  and  others  found  that 
after  section  between  the  flrst  and  third  vertebrae  of  dogs,  and  subsequent 
administration  of  tartar  emetic,  no  vomiting  took  place;  and  Grimm's 
researches  seem  to  show  that  the  suspected  vomit-centre  is  identical  with 
the  respiratory  centre,  so  that  the  vomitiag  movement  is  only  an  abnormal 
respiratory  movemen-t.  L.  Hermann,  however,  considers  the  theory  that 
when  tartar  emetic  is  introduced  into  the  vessels  the  vomit-centre  is  directly 
excited,  erroneous,  for  (1)  in  introducing  it  by  the  veins  much  larger  doses 
are  required  to  excite  vomiting  than  by  the  stomach  ;  and  (2),  after  subcu- 
taneous injection  of  the  salt,  antimony  is  found  in  the  first  vomit.  His 
explanation,  therefore,  is  that  antimony  is  excreted  by  the  intestinal  tract, 
and  in  its  passage  excites  this  action.  Majendie's  well-known  experiment — 
demonstrating  that,  after  extirpation  of  the  stomach,  vomiting  movements 
were  noticed — is  not  considered  opposed  to  this  view. 


§  657.] 


ANTIMONY. 


551 


 or  even  if  a  solution  of  the  salt  be  applied  direct  to  the  frog's 

heart  separated  from  the  body— the  effect  is  the  same.  The 
weak  action  of  the  heart,  of  course,  causes  the  blood-pressure  to 
diminish,  and  the  heart  stops  in  diastole.  The  voluntary  muscles 
of  the  body  are  also  weakened;  the  breathing  is  affected,  partly 
from  the  action  on  the  muscles.  The  temperature  of  the  body 
is  depressed  (according  to  F.  A.  Falck's  researches)  from  4*4° 
to  6-2°. 

The  effects  of  small  doses  given  repeatedly  to  animals  has  been 
several  times  investigated.  Dr.  ISTevin*  experimented  upon 
eleven  rabbits,  giving  them  tartar  emetic  four  times  a  day  in 
doses  of  32-4  mgrms.  (|  grain),  64-8  mgrms.  (1  grain),  and  129-6 
mgrms.  (2  grains).  Five  died,  the  first  after  four,  the  last  after 
seventeen  days;  three  were  killed  after  one,  three,  and  four 
days  respectively,  two  after  an  interval  of  fourteen  days,  and  one 
thirty-one  days  after  taking  the  last  dose.  There  was  no  vomi- 
ting ;  diarrhoea  was  present  in  about  half  the  number ;  one  of  the 
rabbits,  being  with  young,  aborted.  The  chief  symptoms  were 
general  dulness,  loss  of  appetite,  and  in  a  few  days  great  emacia- 
tion. Four  of  the  five  that  died  were  convulsed  before  death, 
and  several  of  the  animals  exhibited  ulcers  of  the  mucous  mem- 
brane of  the  mouth,  in  places  with  which  the  powder  had  come 
in  contact.  Oaillol  and  Livon  have  also  studied  the  action  of 
small  doses  of  the  white  oxide  of  antimony  given  in  milk  to  cats. 
A  cat  took  in  this  way  in  109  days  "628  grm.  The  animal  passed 
gradually  into  a  cachectic  state,  diarrhoea  supervened,  and  it  died 
miserably  thin  and  exhausted. 

§  657.  Effects  of  Tartar  Emetic  en  Man.f — The  analogy  between 
the  symptoms  produced  by  arsenic  and  antimony  is  striking,  and 
in  some  acute  cases  of  poisoning  by  tartar  emetic,  there  is  but  little 
(if  any)  clinical  difference.  If  the  dose  of  tartar  emetic  is  very 
large,  there  may  be  complete  absence  of  vomiting,  or  only  a 
single  evacuation  of  the  stomach.  Thus,  in  a  case  mentioned 
by  Taylor,  in  which  a  veterinary  surgeon  swallowed  by  mistake 
13  grms.  (200  grains)  of  tartar  emetic;  vomiting  after  fifteen 

*  Lever,  Med.  Chir.  Journ.,  No.  1. 

t  Antimony  occasionally  finds  its  way  into  articles  of  food  througli 
obscure  channels.  Dr.  Page  has  recorded  the  fact  of  antimonial  lozenges 
having  been  sold  openly  by  an  itinerant  vendor  of  confectionery.  Each, 
lozenge  contained  nearly  a  quarter  of  a  grain  (-16  mgrms.),  and  they  caused 
well-marked  symptoms  of  poisoning  in  the  case  of  a  servant  and  two 
children.  How  the  antimony  got  in  was  unlcnown.  In  this  case  it  appears 
to  have  existed  not  as  tartar'  emetic,  but  as  an  insoluble  oxide,  for  it  would 
not  dialyse  in  aqueous  solution.— ("  On  a  remarkable  instance  of  Poisoning 
by  means  of  Lozenges  containing  Antimony."  By  David  Page,  M.D  Medictd 
Officer  of  Health,  Lancet,  vol.  i.,  1879,  p.  699.)  ' 
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minutes  could  only  be  induced  by  tickling  the  throat.  So,  again, 
m  the  case  reported  by  Mr.  Freer,  a  man,  aged  twenty-eight,  took 
/ -7  i  grms.  (120  grains)  of  tartar  emetic  by  mistake  for  Epsom  salts  • 
he  vomited  only  once;  half  an  hour  after  taking  the  poison  he 
had  violent  pam  m  the  stomach  and  abdomen,  and  spasmodic 
contraction  of  the  abdomen  and  arms;  the  fingers  were  firmly 
contracted,  the  muscles  quite  rigid,  and  there  was  involuntary 
aqueous  purging.  After  six  hours,  during  which  he  was  treated 
with  green  tea,  brandy,  and  decoction  of  oak-bark,  he  began  to 
recover,  but  suffered  for  many  nights  from  profuse  perspirations. 

With  more  moderate  and  yet  large  doses,  nausea  and  vomiting 
are  very  prominent  symptoms,  and  are  seldom  delayed  more  than 
half  an  hour.    The  regular  course  of  symptoms  may  therefore  be 
summed  up  thus:— A  metallic  taste  in  the  mouth,  repeated 
vomitings,  which  are  sometimes  bloody,  great  faintness  and 
depression,  pains  in  the  abdomen  and  stomach,  and  diarrhoea, 
which  may  be  involuntary.       If  the  case  is  to  terminate 
fatally,  the  urine  is  suppressed,  the  temperature  falls,  the  face 
becomes  cyanotic,  delirium  and  convulsions  supervene,  and  death 
occurs  in  from  two  to  six  days.    Antimony,  like  arsenic,  often 
.  produces  a  pustular  eruption.    Solitary  cases  deviate  more  or 
less  from  the  course  described — i.e.,  severe  cramps  affecting  all 
the  muscles,  haemorrhage  from  the  stomach,  kidney,  or  bowel, 
and  death  from  collapse  in  a  few  hours,  have  all  been  noticed. 
In  a  case  recorded  by  Mr.  Morley,*  a  surgeon's  daughter,  aged 
eighteen,  took  by  mistake  an  unknown  quantity  of  antimonial 
wine,  she  soon  felt  sleepy  and  powerless,  and  suffered  from  the  usual 
symptoms  in  combination  with  tetanic  spasms  of  the  legs.  She 
afterwards  had  enteritis  for  three  weeks,  and  on  recovery  her  hair 
fell  off.    Orfila  relates  a  curious  case  of  intense  spasm  of  the 
gullet  from  a  large  dose  of  tartar  emetic. 

§  658.  Chronic  Antimonial  Poisoning. — The  cases  of  Palmer  and 
J.  P.  Cook,  M.  Mullen,  Freeman,  Winslow,  Pritchard,  and  the 
remarkable  Bravo  case  have,  in  late  years,  given  the  subject  of 
chronic  antimonial  poisoning  a  considerable  prominence.  In  the 
trials  referred  to,  it  was  shown  that  medical  men  might  easily 
mistake  the  effects  of  small  doses  of  antimony  given  at  intervals 
for  the  action  of  disease — the  symptoms  being,  great  nausea, 
followed  by  vomiting,  chronic  diarrhoea,  alternating  with  con- 
stipation, small  frequent  pulse,  loss  of  voice,  great  muscular 
weakness,  depression,  with  coldness  of  the  skin  and  a  clammy 
perspiration.     In  the  case  of  Mrs.  Pritchard,!  lier  face  was 


*  Brit.  Med.  Journ.,  Oct.  14,  p.  70. 
t  Edin.  Med.  Journ.,  1S65. 
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flushed,  and  her  manner  so  excited  as  to  give  an  ordinary- 
observer  the  idea  that  she  had  been  drinking;  and  with  the  usual 
symptoms  of  vomiting  and  purging  she  suffered  from  cramps  in 
the  hands.  Dr.  Pritchard  tried  to  make  it  appear  tliat  she  was 
suffering  from  typhoid  feverj  which  the  symptoms  in  a  few 
respects  only  resembled. 

According  to  Eulenberg,  workmen,  exposed  for  a  long  period 
to  the  vapour  of  the  oxide  of  antimony,  suffer  pain  in  the  bladder 
and  a  burning  sensation  in  the  urethra,  and  continued  inhala- 
tion even  leads  to  impotence  and  wasting  of  the  testicles.* 

§  659.  Post-mortem  Ap]pearances. — The  effect  of  large  doses  of 
tartar  emetic  is  mainly  concentrated  upon  the  gastro-intestinal 
mucous  membrane.    There  is  an  example  in  the  museum  of 
University  College  Hospital  of  the  changes  which  resulted  from 
the  administration  of  tartar  emetic  in  the  treatment  of  pneu- 
monia.   These  are  ascribed  in  the  catalogue,  in  part  to  the 
local  action  of  the  medicine,  and  in  part  to  the  extreme  prostra- 
tion of  the  patient.    In  the  preparation  (No.  1052)  the  mucous 
membrane  over  the  fore  border  of  the  epiglottis  and  adjacent 
part  of  the  pharynx,  has  been  destroyed  by  sloughing;  the 
ulceration  extends  into  the  upper  part  of  the  oesophagus.  About 
an  inch  below  its  commencement,  the  mucous  membrane  has 
been  entirely  removed  by  sloughing  and  ulceration,  the  circular 
muscular  fibres  being  exposed.    Above  the  upper  limit  of  this 
ulcer,  the  mucous  membrane  presents  several  oval,  elongated, 
and  ulcerated  areas,  occupied  by  strips  of  mucous  membrane 
which  have  sloughed.    In  other  places,  irregular  portions  of  the 
mucous  membrane,  of  a  dull  ashen-gray  colour,  have  undergone 
sloughing;  the  edges  of  the  sloughing  portion  are  of  colours 
varying  from  brown  to  black. 

It  is  seldom  that  so  much  change  is  seen  in  the  gullet  and 
pharynx  as  this  Museum  preparation  exhibits;  but  redness, 
swelling,  and  the  general  signs  of  inflammation  are  seldom  absent 
Irom  the  stomach  and  some  parts  of  the  intestines.  On  the 
lining  membrane  of  the  mouth,  ulcers  and  pustules  have  been 
observed. 

In  Dr.  Nevin's  experiments  in  the  chronic  poisoning  of  rabbits 
already  referred  to,  the  post-mortem  appearances  consisted  in  con- 
gestion of  the  liver  in  all  the  rabbits;  in  nearly  all  there  was 
vivid  redness  of  the  stomach;  in  two  cases  there  was  ulceration- 
m  some  cartilaginous  hardness  of  the  pylorus;  while,  in  others! 
the  small  intestines  presented  patches  of  inflammation.    In  two 

.  *n-®  ^7*  operations  of  finishing  printers'  types,  the  workmen  inhale 
a  metalhc  dust,  which  gives  rise  to  eflects  similar  to  lea  Ho  ic  and 
probably  m  this  case  the  lead  is  more  active  than  the  associated  antViny 
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of  the  rabbits  the  solitary  glands  throughout  the  intestines  were 
prominent,  yellow  in  colour,  and  loaded  with  antimony.  The 
colon  and  rectum  were  healthy,  the  kidneys  congested;  the 
lungs  were  in  most  congested,  in  some  actually  inflamed,  or 
hepatised  and  gorged  with  blood.  Bloody  extravasations  in  the 
chest  and  abdomen  were  frequent. 

Saikowsky,*  in  feeding  animals  daily  with  antimony,  found  in- 
variably in  the  course  of  fourteen  to  nineteen  days  fatty  degenera- 
tion of  the  liver,  and  sometimes  of  the  kidney  and  heart.  In  the 
experiment  of  Oaillol  and  Livon  also  all  the  organs  were  pale,  the 
liver  had  undergone  fatty  degeneration,  and  the  lung  had  its 
alveoli  filled  with  large  degenerated  cells,  consisting  almost  entirely 
of  fat.  The  mesenteric  glands  also  formed  large  caseous  masses, 
yellowish-white  in  colour,  which,  under  the  microscope,  were  seen 
to  be  composed  of  fatty  cells,  so  that  there  is  a  complete  analogy 
between  the  action  of  arsenic  and  antimony  on  the  body  tissues. 

§  660.  Elimination  of  Antimony. — Antimony  is  mainly  elimi- 
nated by  the  urine.  In  1840,  Orfila  showed  to  the  Academie  de 
Medecine  metallic  antimony,  which  he  had  extracted  from  a  patient 
who  had  taken  -12  grm.  of  tartar  emetic  in  twenty-four  hours. 
He  also  obtained  antimony  from  an  old  woman,  aged  eighty,  who 
twelve  hours  before  had  taken  -6  grm.  (9;^  grains) — a  large  dose, 
which  had  neither  produced  vomiting  nor  purging.  In  Dr. 
Nevin's  experiments  on  rabbits,  antimony  was  discovered  in  the 
urine  after  the  twelfth  dose,  and  even  in  the  urine  of  an  animal 
twenty-one  days  after  the  administration  of  the  poison  had  been 
suspended. 

§  661.  Antidotes  for  Tartar  Emetic. — Any  infusion  containing 
tannin  or  allied  astringent  principles,  such  as  decoctions  of  tea,  oak- 
bark,  (kc,  may  be  given  with  advantage  in  cases  of  recent  poisoning 
by  tartar  emetic,  for  any  of  the  salt  which  has  been  expelled  by 
vomiting,  may  in  this  way  be  decomposed  and  rendered  harmless. 
The  treatment  of  acute  poisoning  which  has  proved  most  successful, 
has  been  the  encouraging  of  vomiting  by  tickling  the  fauces,  giving 
strong  green  tea  and  stimulants.    (See  Appendix.) 

§  662.  Effects  of  Chloride  or  Butter  of  Antimony.— OiAj  a  few 
cases  of  poisoning  by  butter  of  antimony  are  on  record:  its 
action,  generally  speaking,  on  the  tissues  is  like  that  of  an  acid, 
but  there  has  been  considerable  variety  in  the  symptoms.  Five 
cases  are  recorded  by  Taylor ;  three  of  the  number  recovered 
after  taking  respectively  doses  of  7-  7  grms.  (2  drachms)  and 
15-5  grms.  (4  drachms),  and  two  died  after  taking  from  56 -b  to 
113  grms.  (2  to  4  ounces).    In  one  of  these  cases  the  symp- 

*  Virchow's  Arch.  f.  Path.  Anat.,  Bd,  xxv. ;  also,  Ceniralblatt  f.  Med. 
Wisscn.,  No.  23,  1865. 
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toms  were  more  like  those  of  a  narcotic  poison,  in  the  other 
fatal  case  there  was  abundant  vomiting  with  purging.  The 
autopsy  in  the  first  case  showed  a  black  appearance  from  the 
mouth  to  the  jejunum,  as  if  the  parts  had  been  charred,  and 
extensive  destruction  of  the  mucous  membrane.    In  the  other 
case  there  were  similar  changes  in  the  stomach  and  the  upper 
part  of  the  intestines,  but  neither  the  lips  nor  the  lower  end  of 
the  gullet  were  eroded.    In  a  recent  case  recorded  by  Mr. 
Barrington  Oooke,*  a  farmer's  wife,  aged  forty,  of  unsound  mind, 
managed  to  elude  the  watchfulness  of  her  friends,  and  swallowed 
an  unknown  quantity  of  antimony  chloride  about  1.30  p.m. 
Shortly  afterwards  she  vomited  several  times,  and  had  diarrhoea; 
at  2.30  a  medical  man  found  her  lying  on  her  back  insensible, 
and  very  livid  in  the  face  and  neck.    She  was  retching,  and 
emitting  from  her  mouth  a  frothy  mucous  fluid,  mixed  with 
ejected  matter  of  a  grumous  colour;  the  breathing  was  laboured 
and  spasmodic;  the  pulse  could  not  be  felt,  and  the  body  was 
cold  and  clammy.    She  expired  at  3.30,  about  one  hour  and  a 
half  from  the  commencement  of  symptoms,  and  probably  within 
two  hours  from  the  taking  of  the  poison.    The  autopsy  showed 
no  corrugation  of  the  tongue  or  inner  surface  of  the  lining 
membrane  of  the  mouth,  and  no  appearance  of  the  action  of  a 
corrosive  upon  the  lips,  fauces,  or  mucous  membrane  of  the 
oesophagus.   The  whole  of  the  mucous  membrane  of  the  stomach 
was  intensely  congested,  of  a  dark  and  almost  black  colour,  the 
rest  of  the  viscera  were  healthy.    Chemical  analysis  separated 
antimony  equivalent  to  nearly  a  grm.  (15  grains)  of  the  chloride, 
with  a  small  quantity  of  arsenic,  from  the  contents  of  the 
stomach. 

.  §  663.  Detection  of  Antimony  in  Organic  Matters.— In  acute 
poisoning  by  tartar  emetic  it  is  not  impossible  to  find  a  mere 
trace  only  m  the  stomach,  the  greater  part  having  been  expelled 
by  vomiting,  which  nearly  always  occurs  early,  so  that  the  most 
certain  method  is,  where  possible,  to  analyse  the  ejected  matters 
li  lt  should  be  suspected  that  a  living  person  is  being  slowly 
poisoned  by  antimony,  it  must  be  remembered  that  the  poison  is 
mainly  excreted  by  the  kidneys,  and  the  urine  should  afi-ord  some 
indication.  The  readiest  way  to  test  is  to  collect  a  considerable 
quantity  of  the  urme  (if  necessary,  two  or  three  days'  excretion) 
concentrate  by  evaporation,  acidify,  and  then  transfer  the  liquid 
to  a  platinum  dish,  m  which  is  placed  a  slip  of  zinc.  The  whole 
of  the  antimony  is  m  time  deposited  on  the  platinum  dish,  and 
X'^thouglt  fit?  -bsequentl/identified  in  ^ny 
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Organic  liquids  are  boiled  with  hydrochloric  acid;  organic 
solids  are  extracted  with  the  same  acid  in  the  manner  described 
(p.  54);  or,  if  the  distillation  process  given  at  p.  542  be 
employed,  the  antimony'  may  be  found  partly  in  the  distillate, 
and  partly  in  the  retort.  In  any  case,  antimony  in  solution 
may  be  readily  detected  in  a  variety  of  ways— one  of  the  most 
convenient  being  to  concentrate  on  tin  or  platinum,  to  dissolve 
out  the  antimonial  film  by  sulphide  of  ammonium,  and  thus 
produce  the  very  characteristic  orange  sulphide. 

If  a  slip  of  pure  tinfoil  be  suspended  for  six  hours  in  a 
solution,  which  should  not  contain  more  than  one-tenth  of  its 
bulk  of  cm,  and  exhibit  no  stain  or  deposit,  it  is  certain  that 
antimony  cannot  be  present.  It  may  also  conveniently  be 
deposited  on  a  platinum  dish,*  by  filling  the  same  with  the 
liquid  properly  acidulated,  and  inserting  a  rod  of  zinc;  the 
metallic  antimony  can  afterwards  be  washed,  dried,  and  weighed. 

Reinsch's  and  Marsh's  tests  have  been  already  described 
(pp.  527  and  524),  and  require  no  further  notice.  There  is,  however, 
a  very  beautiful  and  delicate  means  of  detecting  antimony,  which 
should  not  be  omitted.  It  is  based  upon  the  action  of  stibine 
(SbHg)  on  sulphur.f  When  this  gas  is  passed  over  sulphur,  it  is 
decomposed  according  to  equation,  2SbIl3  +  6S  =  Sb.^Sg  +  SSHg, 
the  action  taking  place  slowly  in  diffused  daylight,  but  very 
rapidly  in  sunshine.  An  ordinary  flask  for  the  evolution  of 
hydrogen  (either  by  galvanic  processes  or  from  zinc  and  sulphuric 
acid),  with  its  funnel  and  drying-tubes,  is  connected  with  a 
narrow  tube  having  a  few  fragments  of  sulphur,  kept  in  place 
by  plugs  of  cotton  wool.  The  whole  apparatus  is  placed  in 
sunshine;  if  no  orange  colour  is  produced  when  the  hydrogen 
has  been  passing  for  some  time,  the  liquid  to  be  tested  is  poured 
in  gradually  through  the  funnel,  and  if  antimony  should  be 
present,  the  sulphur  acquires  a  deep  orange  colour.  This  is 
distinct  even  when  so  small  a  quantity  as  -0001  grain  has  been 
added  through  the  funnel.  The  sulphide  of  antimony  thus  mixed 
with  sulphur  can,  if  it  is  thought  necessary,  be  freed  from  the 
sulphur  by  repeated  exhaustion  with  bisulphide  of  carbon.  The 
stibine  does  not,  however,  represent  all  the  antimony  introduced, 
a  very  large  proportion  remaining  in  the  evolution  flask ;  J  hence 

*  According  to  Fresenius (^ei^sc/w./.  Anal.  Chem.,  i.  445),  a  solution  which 
contains  ttUt  of  its  weight  of  antimony,  treated  in  this  way,  gives  in  two 
minutes  a  brown  stain,  and  in  ten  a  very  notable  and  strong  dark-brown 
film.  When  in  the  proportion  of  1  to  20,000,  the  reaction  begins  to  be  cer- 
tain after  a  quarter  of  an  hour ;  with  greater  dilution  it  requires  longer 
time,  1  to  40,000  giving  a  doubtful  reaction,  and  1  to  50,000  not  responding 
at  all  to  this  test. 

t  See  Ernest  Jones  on  "Stibine,"  Journ.  Chem.  Soc,  vol.  i.,  18/ 6. 

t  Rieckter,  Jahresberichi,  1865,  p.  255. 
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it  cannot  be  employed  for  quantitative  purposes.  Moreover,  the 
test  can,  of  course,  only  be  conveniently  applied  on  sunny  days, 
and  is,  therefore,  in  England  more  adapted  for  summer.*  Often, 
however,  as  mentioned  elsewhere,  when  the  analyst  has  no  clue 
whatever  to  the  nature  of  the  poison,  it  is  convenient  to  pass 
SH,  in  the  liquid  to  saturation.!  In  such  a  case,  if  antimony  is 
present  (either  alone  or  in  combination  with  other  sulphides),  it 
remains  on  the  filter,  and  must  be  separated  and  identified  as 
follows  : — The  sulphides  are  first  treated  with  a  solution  of  car- 
bonate of  ammonia,  which  will  dissolve  arsenic,  if  present,  and 
next  saturated  in  situ  with  pure  sulphide  of  sodium,  which  will 
dissolve  out  sulphide  of  antimony,  if  present.  The  sulphide  of 
antimony  will  present  the  chemical  characters  already  described, 
more  particularly — 

(1.)  It  will  evolve  SHg  when  treated  with  HCl,  and  at  the 
same  time  pass  into  solution.  J 

(2.)  The  solution  evaporated  to  get  rid  of  free  HOI  gives 
with  water  a  thick  cheesy  precipitate  of  basic  chloride  of  anti- 
mony. This  may  be  seen  if  only  a  drop  or  two  of  the  solution 
be  taken  and  tested  in  a  watch-glass. 

(3.)  If  tartaric  acid  be  added  to  the  solution,  this  precipitation 
does  not  occur. 

(4.)  The  solution  from  (3.)  gives  an  orange  precipitate  with 

Such  a  substance  can  only  be  sulphide  of  antimony.  With 
regard  to  (2.),  bismuth  would  act  similarly,  but  under  the 
circumstances  could  not  be  present,  for  the  sulphide  of  bismuth 
IS  insoluble  in  sodic  sulphide. 

§  664.  Quantitative  Estimation.— The  quantitative  estimation 
ot  antimony  is  best  made  by  some  volumetric  process— e.r/.,  the 
sulphide  can  be  dissolved  in  HOI,  some  tartrate  of  soda  added, 
and  then  carbonate  of  soda  to  weak  alkaline  reaction.  The 
strength  of  the  solution  of  tartarised  antimony  thus  obtained 
can  now  be  estimated  by  a  decinormal  solution  of  iodine,  the 

*  The  action  of  salts  of  cesium  with  chloride  of  antimony  mi<.ht  be  used 
as  a  test  for  the  latter.    A  salt  of  cesium  gives  a  white  precinitate  Zfh 
chloride  of  antimony  in  concentrated  CIH ;  it  contains  .?0-C  pT^^^^^ 
antimony,  and  corresponds  to  the  formula  SbClgCsCl.    Chloride  of  iAn  ^^l 

t  Ihe  solution  must  not  be  too  acid  -"ciiiu,  J.o/4. 

!'SnCI,  +  2SbCI,  +  3SO,  +  12ClH  =  Sb,S,  +  !)SiiCl,  +  COH, 
— Federow :  Zeilscl,ri/l/Ur  Chemic,  1869,  p.  10. 
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end  reaction  being  indicated  by  the  previous  addition  of  a  little 
starch  solution,  or  by  a  solution  of  permanganate  of  potash,, 
either  of  which  should  be  standardised  by  the  aid  of  a  solution 
of  tartar  emetic  of  known  strength. 


3.  CADMIUM. 

§  665.  Cadmium,  Cd  =  112 ;  specific  gravity,  8-6  to  8-69.;  fusing 
point,  227-8°  (442°r.);  boiling  point,  860°  (1580°P.)— Cadmium 
in  analysis  is  seldom  separated  as  a  metal,  but  is  estimated  either 
as  oxide  or  sulphide. 

§  666.  Cadmium  Oxide,  OdO  =  128 — cadmium  87'5  per  cent., 
oxygen  12-5  per  cent. — is  a  yelloAvish  or  reddish-brown  powder, 
non-volatile  even  at  a  white  heat;  insoluble  in  water,  but  dis- 
solving in  acids.  Ignited  on  charcoal,  it  is  reduced  to  metal, 
which  volatilises,  and  is  then  deposited  again  as  oxide,  giving 
to  the  coal  a  distinct  coat  of  an  orange-yellow  colour  in  very 
thin  layers — in  thicker  layers,  brown. 

§  667.  Cadmium  Su^Mde,  OdS  =  144— Od  77-7  per  cent., 
S  22  "3  per  cent. — known  as  a  mineral  termed  Greenockite. 
When  prepared  in  the  wet  way  it  is  a  lemon-yellow  powder, 
which  cannot  be  ignited  in  hydrogen  without  loss,  and  is 
insoluble  in  water,  dilute  acids,  alkalies,  alkaline  sulphides, 
sulphate  of  soda,  and  cyanide  of  potassium.  The  solution  must 
not  contain  too  much  hydrochloric  acid,  for  the  sulphide  is 
readily  soluble  with  separation  of  sulphur  in  concentrated  hydro- 
chloric acid.  It  may  be  dried  in  the  ordinary  way  at  100° 
without  suffering  any  decomposition. 

§  668.  Medicinal  Preparations.- — The  Iodide  of  Cadmium  (Odlg) 
occurs  in  white,  flat,  micaceous  crystals,  melting  at  about  215-5° 
(419-9°F.),  and  at  a  dull  red  heat  giving  off  violet  vapour.  In 
solution  the  salt  gives  the  reactions  of  iodine  and  cadmium.  The 
B.P.  states  that  10  grains  dissolved  in  water  give  a  precipitate, 
which,  after  being  washed  with  water,  and  then  with  half  an 
ounce  of  solution  of  ammonium,  and  dried,  weighs  12-5  grains 
(or  1  grm.  gives  a  silver  precipitate  weighing  1-25  grm.).  The 
ointment  of  iodide  of  cadmium  {Ungioentum  cadmii  iodidi)  contains 
'the  iodide  in  the  proportion  of  62  grains  to  the  ounce,  or  14 

per  cent.  , 
Cadmium  Sulphate  is  officinal  in  the  German  and  J^rench 

pharmacopoeias. 

§  669.  Cadmium  in  the  Arts,  <£-c.— Cadmium  is  used  m  various 
alloys.  The  sulphide  is  found  as  a  colouring  ingredient  m 
certain  toilet-soaps,  and  it  is  much  valued  by  artists  as  a  pigment. 
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The  iodide  of  cadmium  is  employed  in  photography,  and  an 
amalgam  of  metallic  cadmium  to  some  extent  in  dentistry. 

§  670.  Fatal  Dose  of  Cadmium. — ^Although  no  deaths  from  the 
use  of  cadmium  appear  to  have  as  yet  occurred,  its  growing 
uses  in  photography,  ikc,  may  lead  to  accidents.  There  can  be 
no  question  about  the  poisonous  action  of  cadmium,  for  Marme,* 
in  his  experiments  on  it  with  animals,  observed  giddiness,  vomit- 
ing, syncope,  difficulty  in  respiration,  loss  of  consciousness,  and 
cramps.  The  amount  necessary  to  destroy  life  can  only  be 
gathered  from  the  experiments  on  animals.  A  strong  hound  died 
after  the  injection  of  "03  grm.  (-462  grain)  subcutaneously  of 
a  salt  of  cadmium;  rabbits  are  poisoned  if  from  19"4  to  38-8  mgrms. 
(•3  to  •6  grain)  are  introduced  into  the  stomach.  A  watery 
solution  of  -5  grm.  (7 -5  grains)  of  the  bromide  administered 
to  a  pigeon  caused  instant  death,  without  convulsion;  the  same 
dose  of  the  chloride  killed  a  second  pigeon  in  six  minutes; 
•25  grm.  (3-85  grains)  of  sulphite  of  cadmium  administered  to  a 
pigeon  excited  vomiting,  and  after  two  hours  diarrhcea;  it  died 
in  eight  days.  Another  pigeon  died  from  a  similar  dose  in 
fourteen  days,  and  cadmium,  on  analysis,  was  separated  from  the 
liver.  From  the  above  cases  it  would  seem  probable  that  4  grms. 
(61-7  grains)  would  be  a  dangerous  dose  of  a  soluble  salt  of 
cadmium  for  an  adult,  and  that  in  a  case  of  chronic  poisoning  it 
would  most  probably  be  found  in  the  liver. 

§671.  Separation  and  Detection  of  Cadmium. — If  cadmium  be 
in  solution,  and  the  solution  is  not  too  acid,  on  the  addition  of 
SHg  there  is  precipitated  a  yellow  sulphide,  which  is  distinguished 
from  antimony  and  arsenical  sulphides  by  its  insolubility  in 
ammonia  and  alkaline  sulphides.  Should  all  three  sulphides  be 
on  the  filter  (an  occurrence  which  will  seldom,  perhaps,  never, 
happen)  the  sulphide  of  arsenic  can  be  dissolved  out  by  ammonia, 
the  a,ntimony  by  sulphide  of  sodium,  leaving  the  sulphide  of 
cadmium  as  the  residue,  t 

The  further  tests  of  the  sulphide  are  : — 

(1.)  It  dissolves  in  dilute  nitric  acid  to  a  colourless  fluid,  with 
separation  of  sulphur. 

(2.)  The  solution,  filtered  and  freed  from  excess  of  nitric  acid 
by  evaporation,  gives  with  a  solution  of  ammonic  carbonate  a 
white  precipitate  of  carbonate  of  cadmium  insoluble  in  excess 
This  distinguishes  it  from  zinc,  which  gives  a  similar  white 
-precipitate,  but  is  soluble  in  the  excess  of  the  precipitant. 

(3.)  The  carbonate  thus  obtained,  heated  on  platinum  foH  is 
changed  into  the  brown-red  non-volatile  oxide, 

*  Zeitschr.f.  Rationelle  Med.,  vol.  xxix.,  p.  1,  1867 
t  It  is  unnecessary  to  state  that  absence  of  s;iiphur  is  presupposed. 
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(4.)  The  oxide  behaves  on  charcoal  as  already  detailed. 

(5.)  A  metallic  portion  can  he  obtained  by  melting  the  oxide 
with  cyanide  of  potassium ;  it  is  between  zinc  and  tin  in  brilliancy 
and  makes  a  mark  on  paper  like  lead,  but  not  so  readily.  There 
are  many  other  tests,  but  the  above  are  conclusive. 

If  cadmium  in  any  case  be  specially  searched  for  in  the  or<^ans 
or_  tissues,  the  latter  should  be  boiled  with  nitric  acid.  ^The 
acid  solution  is  filtered,  saturated  with  caustic  potash,  evaporated 
to  dryness,  and  ignited ;  the  residue  is  dissolved  in  dilute  hydro- 
chloric acid,  and  treated  after  filtration  with  SHg.  Cadmium 
may  also  be  estimated  volumetrically  by  digesting  the  sulphide 
in  a  stoppered  flask  with  ferric  chloride  and  hydrochloric  acid; 
the  resulting  ferrous  compound  is  titrated  with  permanganate,' 
each  cc.  of  a  d.n.  solution  of  permanganate  =  -0056  grm.  of 
cadmium. 


II.— PRECIPITATE    BY    HYDRIC    SULPHIDE  IN 
HYDROCHLORIC  ACID  SOLUTION— BLACK. 


LEAD — COPPER — BISMUTH — SILVER — MERCURY. 


1.  LEAD. 

§  672.  Lead  Pb  =  207. — Lead  is  a  well-known  bluish-white, 
soft  metal;  fusing  point,  325°;  specific  gravity,  11-36. 

Oxides  of  Lead. — -The  two  oxides  of  lead  necessary  to  notice 
here  briefly  are — litharge  and  minium. 

Litharge,  or  Oxide  of  Lead,  PbO  =  223;  specific  gravity,  9'2  to 
9-5 — Pb  92-82  per  cent.,  O  7-18 — is  either  in  crystalline  scales, 
a  fused  mass,  or  a  powder,  varying  in  colour  (according  to  its 
mode  of  preparation)  from  yellow  to  reddish-yellow  or  orange. 
When  prepared  below  the  temperature  of  fusion  it  is  called 
massicot."  It  may  be  fused  without  alteration  in  weight;  in 
a  state  of  fusion  it  dissolves  silicic  acid  and  silicates  of  the  earths. 
It  must  not  be  fused  in  platinum  vessels. 

Minium,  or  Red  Lead,  2PbO,  PbOg;  specific  gravity  9-08,  is  a 
compound  of  protoxide  of  lead  with  the  dioxide.    It  is  of  a 
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brilliant  red  colour,  much  used  in  the  arts,  and  especially  in  the 
preparation  of  flint-glass. 

§  673.  Sulphide  of  Lead,  PbS  =  239;  Pb  86-61  percent.,  S  13-39 
per  cent.,_  occurring  in  the  usual  way,  is  a  black  precipitate 
insoluble  in  water,  dilute  acids,  alkalies,  and  alkaUne  sulphides. 
It  dissolves  in  strong  nitric  acid  Avith  separation  of  sulphur,  and 
in  strong  hydrochloric  acid,  with  evolution  of  SHg.  Fu'mino- 
nitric  acid  does  not  separate  sulphur,  but  converts  the  sulphide 
into  sulphate. 

§  674.  Sulpliate  o/ Zmii,  PbSO^  =  303  ;  specific  gravity,  6-3; 
PbO  73-61  per  cent.,  S0326-39  per  cent.;  when  produced  arti- 
ficially is  a  heavy  white  powder,  of  great  insolubility  in  water, 
22,800  parts  of  cold  water  dissolving  only  one  of  lead  sulphate; 
and  if  the  water  contains  sulphuric  acid,  no  less  than  36,500  parts 
of  water  are  required.  The  salts  of  ammonia  (especially  the 
acetate  and  tartrate)  dissolve  the  sulphate,  and  it  is  also  soluble 
in  hyposulphite  of  soda.  The  sulphate  can  be  readily  changed 
into  the  carbonate  of  lead,  by  boiling  it  with  solutions  of  the 
alkaline  carbonates.  The  sulphate  of  lead,  fused  with  cyanide 
of  potassium,  yields  metallic  lead;  it  may  be  also  reduced  on 
charcoal  and  alone  it  may  be  fused  without  decomposition, 
provided  reducing  gases  are  excluded. 

§  676.  Acetate  of  Lead,  Sugar  of  Lead,  Pb(02H30„)„30H,,  is 
found  m  commerce,  in  white;  spongy  masses  composed  of  acicular 
crystals.  It  may,  however,  be  obtained  in  flat  four-sided  prisms 
It  has  a  sweet  metallic  taste,  is  soluble  in  water,  and  responds 
to  the  usual  tests  for  lead.  The  P.B.  directs  that  38  grains  dis- 
solved m  water,  require,  for  complete  precipitation,  200  crrain 
measures  of  the  volumetric  solution  of  oxalic  acid,  corresponding 
to  22-3  grains  of  oxide  of  lead.  ^ 

fAs^^'^"'*''^'  Pb01o  =  278;  specific  gravity,  5-8-- 

Pb  74-48  per  cent.,  01  25-52  per  cent.f  is  in%he  form  of 
brilliant  crystalline  needles.  It  is  very  insoluble  in  cold  water 
containing  hydrochloric  or  nitric  acids.  According  to 
1635  parts  of  water  containing  nitric  acid  dissolve  one  part  onl^ 
of  chloride  of  lead  It  is  insoluble  in  absolute  alcohol  and 
sparingly  m  alcohol  of  70  to  80  per  cent.    It  fuses  below  red 

Sm^oLT  ^"^^^^  it  miyt 

^  Carbonate  of  Lead.-The  commercial  carbonate  of  lead  ^accord 
ing  to  the  recent  very  exhaustive  researches  of  wtner  and 
Harlanc  *)  is  composed  of  a  mixture  of  neutral  carbonlfp  nf 
lead  and  hydrate  of  lead,  the  best  mixture  bc^ng  257er  ce^^^^^  of 

36 
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hydrate,  corresponding  to  an  actual  percentage  of  12*3  per  cent^ 
carbonic  acid.  The  nearer  the  mixture  approximates  to  this 
composition  the  better  the  paint;  whilst  samples  containing  as 
much  as  16-33  per  cent.,  or  as  little  as  10-39  per  cent.,  of  COg 
are  practically  useless. 

§  677.  Preparations  of  Lead  used  in  Medicine,  the  Arts,  c&c. 

(1.)  Pharmaceutical : — 

Lead  Plaster  (^Emplastrum  jilumhi)  is  simply  a  lead  soap,  in 
which  the  lead  is  combined  with  oleic  and  margaric  acids. 

Lead  Iodide,  Pblo,  is  contained  in  the  Lmjilastrum  j)lu'nihi 
iodidi,  to  the  extent  of  20  per  cent.,  and  in  the  Unguentum 
plumbi  iodidi  to  the  extent  of  about  11-4  per  cent. 

Acetate  of  Lead  is  contained  in  a  pill,  a  suppository,  and  an 
ointment.  The  pill,  Pilula  plumhicuvi  opio,  contains  74  per  cent,  of 
lead  acetate,  and  12 -.5  per  cent,  of  opium,  the  rest  confection  of 
roses.  The  suppository  (Sujjjjositoj-ia  plumbi  composita)  contains 
20  per  cent,  of  acetate  of  lead,  and  10  per  cent,  of  opium,  mived 
with  oil  of  theobroma,  white  wax,  and  benzoated  lard.  The 
ointment  { Unguentum  plumbi  acetatis)  contains  24  per  cent,  of 
lead  acetate,  mixed  with  benzoated  lard. 

The  solution  of  subacetate  of  lead  {Liquor  plumbi  subacetatis)  is 
the  subacetate,  Pb(02H3O2)2PbO,  dissolved  in  water.  The  P.B. 
states  that  413-3  grains  by  weight  (6  fluid  drachms)  require  for 
perfect  precipitation  810  grain  measures  of  the  volumetric  solu- 
tion of  oxalic  acid,  corresponding  to  about  30  grains  of  lead. 
In  other  words,  the  solution  must  contain  at  least  8-1  per  cent, 
of  oxide  of  lead. 

A  dilute  solution  of  the  stronger,  under  the  name  of  Liquor 
plumbi  subacetatis  dilutus,  and  commonly  called  Goulard  water,  is 
prepared  by  mixing  1-25  part  (by  volume)  of  the  solution,  and 
1-25  part  of  spirit,  and  making  up  to  100  parts  with  distdled 

water.  /•  ? 

There  is  an  ointment,  called  the  Compound  Ointment  of  sub- 
acetate of  lead,  which  contains  the  subacetate  in  about  the 
proportion  of  2  per  cent,  of  the  oxide,  the  other  constituents 
being  camphor,  white  wax,  and  almond  oil.  _ 

Carbonate  of  Lead.— The  ointment  {Unguentum  plumU  car- 
honatis)  should  contain  about  11-4  per  cent,  of  the  carbonate,  and 
the  rest  simple  ointment. 

(2.)  Quack  Nostrums,  (he. : — 

The  quack  medicines  composed  of  lead  are  not  very  numerous. 
Liebert's  Cosmetique  Infaillible  is  said  to  have  for  its  basis 

nitrate  of  lead.  „   •     ,i  j.-^«v.+;/> 

One  of  ''Ali  Ahmed's  Treasures  of  the  Desert,"  viz.,  the  antiseptic 
malagma,  is  a  plaster  made  up  of  lead  plaster  3/ -5  percent., 
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frankincense  25  per  cent.,  salad  oil  25  per  cent.,  beeswax  12-5 
per  cent. 

Lewis'  Silver  Cream  contains  white  precipitate  and  a  salt  of 
lead. 

Goulard's  Balsam  is  made  by  triturating  acetate  of  lead  with 
hot  oil  of  turpentine. 

There  are  various  ointments  in  use  made  up  of  litharge. 
Some  herbalists  in  the  country  (from  cases  that  have  come  under 
the  writer's  own  knowledge)  apply  to  cancerous  ulcers,  ifec,  a 
liniment  of  linseed  and  other  common  oils  mixed  with  litharge 
and  acetate  of  lead. 

Acetate  of  lead  may  also  be  found  as  a  constituent  of  various 
eye-waters. 

(3.)  Preparations  of  Lead  used  in  the  Arts,  ci-c. : — 

Ledoyen's  Disinfecting  Fluid  has  for  its  basis  nitrate  of  lead. 

In  various  hair-dyes  the  following  are  all  used: — Litharge, 
lime,  and  starch;  lime  and  carbonate  of  lead;  lime  and  acetate 
of  lead;  litharge,  lime,  and  potassic  bicarbonate.  The  detection 
of  lead  in  the  hair  thus  treated  is  extremely  easy;  it  may  be 
dissolved  out  by  dilute  nitric  acid. 

Lead  Figments.— The  principal  pigments  of  lead  are  white 
yellow,  and  red.  ' 

White  Figments: — 

White  Lead,  Flake  White  Ceruse,  Mineral  White,  are  so  many 
different  names  for  the  carbonate  of  lead  already  described. 
Newcastle  White  is  white  lead  made  with  molasses  vineo-ar 
Nottingham  TF/wfe.— White  lead  made  with  alegar  (sour  ale) 
often,  however,  replaced  by  permanent  white,  i.e.,  sulphate  of 
baryta.  ^ 

Miniature  Painters'  White,  White  Precipitate  of  Lead,  is  simply 
lead  sulphate.  ^ 

Pattisonls  White  is  an  oxychloride  of  lead,  Pb01,PbO. 
Yellow  Figments: — 

Chrome  Yellow  may  be  a  fairly  pure  chromate  of  lead,  or  it  may 
be  mixed  with  sulphates  of  lead,  barium,  and  calcium  The 
pigment  known  as  "  Cologne  yellow,"  consists  of  25  parts  of  lead 
chi-omate,  15  of  lead  sulphate,  and  60  of  calcic  sulphate.  The 
easiest  method  of  analysing  chrome  yellow  is  to  extract  with 
boilmg  hydrochloric  acid  in  the  presence  of  alcohol,  which  dis- 
solves the  chromium  as  chloride,  and  leaves  undissoi;ed  chloride 
of  lead,  sulphate  of  lead,  and  other  substances  insoluble  in  OIH 

of  oxid; 

ri^:^Z:^S^^:^^,^^^^  -  oxychlo- 
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Butch  Pinh  sometimes  contains  white  lead. 

Red  Pigments : — 

Chrome  Red  is  a  bichromate  of  ]  ead. 

Red  Lead  or  Minium  is  the  red  oxide  of  lead. 

Orange  Red  is  an  oxide  prepared  by  calcining  the  carbonate. 

The  chief  preparations  of  lead  which  may  be  met  with  in  the 
arts,  in  addition  to  the  oxides  and  the  carbonate,  are  

The  Nitrate  of  Lead,  much  used  in  calico-printing. 

The  Pyrolignite  of  Lead,  which  is  an  impure  acetate  used  in 
dyeing ;  and 

The  Sulphate  of  Lead  is  a  by-product  in  the  preparation  of 
acetate  of  aluminium  for  dyeing. 

The  alloys  containing  lead  are  extremely  numerous;  but, 
according  to  the  experiments  of  Knapp,*  the  small  quantity 
of  lead  in  those  used  for  household  purposes  has  no  hygienic 
importance.  ■ 

§  678.  Lead  as  a  Poison. — In  the  five  years  ending  1880,  there 
were  registered  324  deaths  from  lead  poisoning  in  England  (255 
males  and  69  females).  This  is  about  20  per  cent,  of  the  deaths' 
from  all  poisons.  Only  one  of  the  324  was  accidental,  and  none 
were  criminal.  All  the  compounds  of  lead  are  said  to  be 
poisonous;  but  this  statement  cannot  be  regarded  as  entirely 
correct,  for  the  sulphocyanide  has  been  proved  by  experiment  not 
to  be  so,t  and  the  sulphide  is  also  probably  inactive.  In  the 
treatment  of  cases  of  lead  poisoning,  however,  the  flowers  of 
sulphur  given  internally  appear  to  be  successful.! 

Lead  poisoning,  either  in  its  obscure  form  (producing  uric  acid 
in  the  blood,  and,  as  a  consequence,  indigestion  and  other  evils), 
or  in  the  acute  form  (as  lead  colic  and  various  nervous  affections), 
is  most  frequent  among  those  who  are  habitually  exposed  to  the 
influence  of  the  metal  in  its  different  preparations — viz.,  workers 
of  lead,  house-painters,  artists,  gilders,  workers  of  arsenic, 
workers  of  gold,  calico-printers,  colourists,  type-founders,  type- 
setters, shot-founders,  potters,  faience  makers,  braziers,  and 
many  others.  §  Recently,  in  the  white  lead  factories  in  London, 
so  large  a  number  of  the  employes  suffered  from  poisoning  that  it 
has  been  one  of  the  most  common  maladies  to  be  seen  in  certain 
easi>end  hospitals  and  infirmaries,  and  has  excited  the  attention 
of  the  Government  (1883). 

*  Dhigl.  Polytech.  Journ.,  vol.  ccxx.,  pp.  446-453. 
+  Eulenberg,  Gewerle  Hygiene,  p.  712. 
t  Mohr's  Toxicologic,  p.  78. 

§  The  attention  whicli  the  use  of  lead  in  the  arts  has  always  excited  is 
evident  from  the  fact  that  one  of  the^oldest  works  on  Trade  Hj'giene  (by 
Stockhausen)  is  entitled,  De  lithargyrii  famo  noxio,  morhifico  ejusque 
metallico  frequentiori  morho  vulgo  dido  hilttenkatze.    Gaslar,  1556. 
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Lead,  again,  has  been  found  by  the  analyst  in  most  of  the 
ordinary  foods,  such  as  flour,  bread,  beer,  cider,  wines,  spirits,  tea, 
vinegar,  sugar,  confectionery,  &c.,  as  weU  as  in  numerous  drugs, 
especially  those  manufactured  by  the  aid  of  sulphuric  acid  (the 
latter  nearly  always  containing  lead),  and  those  salts  or  chemical 
products  which  (like  citric  and  tartaric  acids)  are  crystallised  m 
leaden  pans.  Hence  it  follows  that  in  almost  everything  eaten 
or  drunk  the  analyst,  as  a  matter  of  routine,  tests  for  lead.  The 
channels  through  which  it  may  enter  into  the  system  are,  how- 
ever, so  perfectly  familiar  to  practical  chemists,  that  a  few  unusual 
instances  of  lead-poisoning  only  need  be  quoted  here. 

A  cabman  suffered  from  lead  colic,  traced  to  his  taking  the  hrst 
(^lass  of  beer  every  morning  at  a  certain  public-house;  the  beer 
standing  in  the  pipes  all  night,  as  proved  by  analysis,  was  strongly 
impregnated  with  lead.* 

The  employment  of  red  lead  for  repairing  the  joints  of  steam 
pipes  has  before  now  caused  poisonous  symptoms  from  volatilisa- 
tion of  lead.f  The  use  of  old  painted  wood  in  a  baker's  oven, 
and  subsequent  adherence  of  the  oxide  of  lead  to  the  outside  of 
the  loaves,  has  recently  caused  the  illness  of  sixty-six  people,  f 

Seven  persons  became  affected  with  lead-poisoning  through 
horse-hair  coloured  with  lead.  § 

The  manufacture  of  American  overland  cloth  creates  a  white- 
lead  dust,  which  has  caused  serious  symptoms  among  the 
workmen  {Dr.  G.  Johnson).  The  cleaning  of  pewter  pots,  ||  the 
handling  of  vulcanised  rubber,  H  the  wrapping  up  of  various 
foods  in  tinfoil,**  and  the  fingering  of  lead  counters  covered  with 
brine  by  fishmongers,  have  all  caused  accidents  in  men. 

The  lead  in  glass,  though  in  the  form  of  an  insoluble  silicate, 
is  said  to  have  been  dissolved  by  vinegar  and  other  acid  fluids  to 
a  dangerous  extent.   This,  however,  is  hardly  well  established,  ft 

§  679.  Effects  of  Lead  Compounds  on  Animals. — Orfila  and  the 
older  school  of  toxicologists  made  a  number  of  experiments  on 
the  action  of  sugar  of  lead  and  other  compounds,  but  they  are 
of  little  value  for  elucidating  the  physiological  or  toxic  action  of 
lead,  because  they  were,  for  the  most  part,  made  under  unnatural 
conditions,  the  gullet  being  ligatured  to  avoid  expulsion  of  the 
salt  by  vomiting.  One  of  the  latest  experimenters  is  Harnack, 
who,'  in  order  to  avoid  the  local  and  corrosive  effects  of  sugar  of 

*  Chem.  News.  t  Eulenberg,  Op.  cU.,  p.  708. 

J  Annales  d' Hygiene.  §  Hitzig,  "  Studien  iiber  Bleivergiftung." 

II  Med.  Gazette,  xlviij.  1047.    IT  Pharm.  Journ.,  1870,  p.  426. 

**  Taylor,  "Prin.  Med.  Jurisprud.,"  I. 

t+ See  Aertzt.  Intelligenzbl.  f.  Baiern,  Jalirg.,  1869;  Buclmer's  Rep. 
Fluirm.    Bd.  xix.,  p.  1;  Med.  Centrbl.,  Jahrg.,  1869,  p.  40. 
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lead,  used  an  organic  compound— viz.,  plumbic  triethyl  acetate, 
which  has  no  local  action.  Progs  exhibited  symptoms  after  sub- 
cutaneous doses  of  from  2  to  3  mgrms.,  rabbits  after  40  mgrms.- 
there  was  increased  peristaltic  action  of  the  intestines,  with 
spasmodic  contraction  rising  to  colic,  ,  very  often  diarrhoea,  and 
death  followed  through  heart  paralysis.  Dogs  given  the  ethyl 
compound  exhibited  nervous  symptoms  like  chorea.  Gusserno  * 
has  also  made  experiments  on  animals  as  to  the  effects  of  lead, 
using  lead  phosphate,and  giving  from  1-2  grm.  to  a  rabbit  and  a 
dog  daily.  Rosenstein  t  and  Heubel  I  used  small  doses  of  acetate, 
the  latter  giving  dogs  daily  from  -2  to  -5  grm.  The  results 
arrived  at  by  Gusserno  were,  mainly,  that  the  animals  became 
emaciated,  shivered,  and  had  some  paralysis  of  the  hinder 
extremities ;  while  Rosenstein  observed  towards  the  end  epilep- 
tiform convulsions,  and  Heubel  alone  saw,  in  a  few  of  his  cases, 
colic.  A  considerable  number  of  cattle  have  been  poisoned  from 
time  to  time  with  lead,  and  one  instance  of  this  fell  under  my 
own  observation.  A  pasture  had  been  manured  with  refuse 
from  a  plumber's  yard,  and  pieces  of  paint  were  in  this  way 
strewn  about  the  field  in  every  direction;  a  herd  of  fifteen 
young  cattle  were  placed  in  the  field,  and  in  two  or  three  days 
they  all,  without  exception,  began  rapidly  to  lose  condition,  and 
to  show  peculiar  symptoms — diarrhoea,  loss  of  appetite;  in  two, 
blindness,  the  retina  presenting  an  appearance  not  unlike  that 
seen  in  Bright's  disease;  in  three,  a  sort  of  delirium.  Four 
died,  and  showed  on  post-viortem  examination  granular  con- 
ditions of  the  kidneys,  which  was  the  most  striking  change 
observable.  In  the  fatal  cases,  paralysis  of  the  hind  extremities, 
coma,  and  convulsions  preceded  death.  In  another  case  §  seven 
cows  and  a  bull  died  from  eating  lead  paint;  the  symptoms 
were  loss  of  appetite,  obstinate  constipation,  suspension  of  rumina- 
tion, dry  muffle,  quick  breathing,  and  coma.  In  other  cases  a 
marked  symptom  has  been  paralysis.  Cattle  |I  have  also  several 
times  been  poisoned  from  eating  grass  which  has  been  splashed 
by  the  spray  from  bullets,  as  in  pastures  in  the  vicinity  of  rifle 
butts;  here  we  must  allow  that  the  intestinal  juices'have  dissolved 
the  metal,  and  transformed  it  into  compounds  capable  of  being 
taken  into  the  system. 

§  680.  Effects  of  Lead  Ccmipounds  on  Man — Acute  Poisoning. — 
Acute  poisoning  by  preparations  of  lead  is  not  common,  and, 

*  Virchow's  Arcliiv  f.  Path.  Anat.,  vol.  xxi.,  p.  443. 
+  lb. ,  vol.  xxxix. ,  pp.  1  and  74. 

t  Pathogenese  u.  Symptome  der  chronischen  Bleiver gif tun g.    Berlin,  1S71. 
§  See  a  paper  by  Professor  Tuson,  Veterinarian,  vol.  xxxviii.,  1861. 
lb.,  also  Taylor,  Op.  cit. 
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when  it  does  occur,  is  seldom  fatal.  With  regard  to  the  common 
acetate,  it  would  seem  that  a  large  single  dose  is  less  hkely  to 
destroy  life  than  smaller  quantities  given  m  divided  doses  tor  a 
considerable  period.  The  symptoms  produced  by  a  considerable 
dose  of  sugar  of  lead  usually  commence  withm  a  few  minutes; 
there  is  immediately  a  metallic  taste,  with  burning,  and  a  sensa- 
tion of  great  dryness  in  the  mouth  and  throat;  vomiting,  which 
occurs  usually  within  fifteen  minutes,  is  in  very  rare  cases 
delayed  from  one  to  two  hours.  The  retching  and  vomiting 
are  very  obstinate,  and  continue  for  a  long  time;  the  matters 
thrown  up  are  sometimes  streaked  with  blood ;  there  is  pain  in 
the  abdomen  of  a  colicky  character— a  pain  relieved  by  pressure. 
The  bowels  are,  as  a  rule,  constipated,  but  occasionally  relaxed. 
The  stools  at  a  later  date  are  black  from  the  presence  of  lead 
sulphide.  The  urine,  as  a  rule,  is  diminished.  The  breath  has 
a  foul  odour,  and  the  tongue  is  coated ;  the  skin  is  dry,  and  the 
pulse  small  and  frequent.  The  full  development  of  the  toxic 
action  is  completed  by  the  appearance  of  various  nervous  pheno- 
mena— headache,  shooting  pains  in  the  limbs,  cramps  in  the  legs, 
and  local  numbness.  All  the  symptoms  enumerated^  are  not 
present  in  each  case;  the  most  constant  are  the  vomiting  and 
the  colic.  If  the  sufferer  is  to  die,  death  occurs  about  the  second 
or  third  day.  If  the  patient  recovers,  convalescence  may  be 
much  retarded,  as  shown  in  the  case  of  two  girls,*  who  had 
each  swallowed  an  ounce  of  lead  acetate  by  mistake,  and  who 
suffered  even  after  the  lapse  of  a  year  from  pain  and  tenderness 
in  the  stomach  and  sickness. 

There  are  "mass-poisonings"  by  acetate  of  lead  on  record, 
which  afford  considerable  insight  into  the  varying  action  of  this 
salt  on  different  individuals.  A  case  (e.g.)  occurred  at  Stour- 
bridge in  1840,t  in  which  no  less  than  500  people  were  poisoned 
by  thirty  pounds  of  lead  acetate  being  accidentally  mixed  with 
eighty  sacks  of  flour  at  a  miller's.  The  symptoms  commenced 
after  a  few  days;  constriction  of  the  throat,  cramping  and 
twisting  pains  round  the  umbilicus,  rigidity  of  the  abdominal 
muscles,  dragging  pains  at  the  loins,  cramps  and  paralysis  of 
the  lower  extremities.  There  was  obstinate  constipation;  the 
urine  was  scanty  and  of  a  deep  red  colour,  and  the  secretions 
were  generally  arrested;  the  pulse  was  slow  and  feeble;  the 
countenance  depressed,  often  livid;  and  the  gums  showed 
the  usual  blue  line.  The  temperature  of  the  skin  was 
low.    In  only  a  few  cases  was  there  sickness,  and  in  these 

*  Prov.  Med.  Journal,  1846. 

+  Recorded  by  Mr.  Rancks,  Lancet,  May  5,  1849,  p.  478. 
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it  soon  ceased.    It  is  curious  that  not  one  of  the  500  ca.P.. 
proved  fatal,  although  some  of  the  victims  ^ere  extremely  iS 
'^'"^  alarming.    It  was  specially  observed  that 
f  ^^^I^l^^^^^^^^'  the  symptoms  without  any  obvious 

cause  suddenly  returned,  and  this  even  in  a  more  abated 

mSt  f         ^^^^      °f  medico-legal  S?>or"  it 

f « tL'^^'?^  '.V^'  .Z^^S^y  ^^^'^^"^         ^  fr^«h  dose  had 
been  taken.     In  the  500  cases,  there  were  no  inflammatory 

symptoms;  complete  recovery  took  some  time.  On  examining 
the  bread  the  poison  was  found  so  unequally  distributed  that  no 
Idea  could  be  formed  as  to  the  actual  amount  taken 

There  is  also  recorded*  an  outbreak  of  lead  poisoning  among 
150  men  of  the  7th  Infantry  at  Tione,  in  the  SoutherS  Tyrol 
Une  case  proved  fatal,  forty-five  required  treatment  in  hospital' 
Ihe  symptoms  were  pallor,  a  blue  line  in  the  gums,  metallic 
taste  m  the  mouth,  a  peculiar  odour  of  the  breath,  a  loaded 
tongue  with  a  bluish  tint,  obstinate  constipation  with  loss  of 
a,ppetite;  whilst  all  complained,  in  addition,  of  dragging  of  the 
limbs  and  of  the  muscles  of  the  chest,  and  difficulty  of  breathing 
In  the  severer  cases  there  were  tetanic  spasms,  muscular  tremors 
and  anaesthesia  of  the  fingers  and  toes.    The  pulse  and  tempera- 
ture were  normal,  save  in  a  few  cases  in  which  there  were  fever 
and  swea,ts  at  night.    In  none  was  there  colic,  but  the  constipation 
■was  obstinate.    In  two  of  the  worst  cases  there  was  strangury. 
Acute  cases  occur  occasionally  from  poisoning  by  t/ie  carbonate 
of  lead.    Dr.  Snow  recorded  an  instance  (in  1844)  of  a  child  who 
had  eaten  a  piece  as  big  as  a  marble,  ground  up  with  oil.  For 
three  days  the  child  suffered  from  pain  in  the  abdomen  and 
vomiting,  and  died  ninety  hours  after  taking  the  poison.  In 
another  case,  in  which  a  young  man  took  from  19  to  20  grms. 
of  lead  carbonate  in  mistake  for  chalk  as  a  remedy  for  heart- 
burn, the  symptoms  of  vomiting,  pain  in  the  stomach,  &c., 
commenced  after   a  few  hours ;   but,  under  treatment  with 
magnesic  sulphate,  he  recovered. 

The   chr ornate   of  lead  is   still  more  poisonous  (see  Art. 
"  Chromium)." 

§  681.  Chronic  Poisoning  hy  Lead. — Chronic  poisoning  by  lead 
— often  caused  by  strange  and  unsuspected  channels,  more 
frequently  an  incident,  nay,  almost  a  necessity  of  certain  trades, 
and  occasionally  induced  by  a  cunning  criminal  for  the  purpose 
of  simulating  natural  disease — is  of  great  toxicological  and 
hygienic  importance.  In  the  white  lead  trade  it  is,  as  might  be 
expected,  most  frequently  witnessed ;  but  also  in  all  occupations 


*  KUnigschmied,  Centralhl.  Allg.fur  Gesundhcitspflege,  2  Jahrg.,  Heft  1. 
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which  involve  the  daily  use  of  lead  in  almost  any  shape.  The 
chief  signs  of  chronic  poisoning  are  those  of  general  ill-health; 
the  digestion  is  disturbed,  the  appetite  lessened,  the  bowels 
obstinately  confined,  the  skin  assumes  fi  peculiar  yellowish  hue, 
and  sometimes  the  suflFerer  is  jaundiced.  The  gums  show  a 
black  line  from  two  to  three  lines  in  breadth,  which  microscopical 
examination  and  chemical  tests  alike  show  to  be  composed  of 
sulphide  of  lead;  occasionally  the  teeth  turn  black.  The  pulse 
is  slow,  and  all  secretions  are  diminished.  Pregnant  women 
have  a  tendency  to  abort.  There  are  also  special  symptoms,  one 
of  the  most  prominent  of  which  is  often  lead  colic. 

In  142  cases  of  lead-poisoning,  treated  between  1852  and  1862 
at  the  Jacob's  Hospital,  Leipzig,  forty-four  patients  (or  about  31 
per  cent.)  suffered  from  colic.  Arthralgia^ — that  is,  pains  in  the 
joints^ — is  also  very  common;  it  seldom  occurs  alone,  but  in  com- 
bination with  other  symptoms  Thus,  in  seventy-five  cases  of  lead- 
arthralgia  treated  at  J acob's  Hospital,  in  only  seven  were  pain  in. 
the  joints  without  other  complications,  fifty-six  being  accom- 
panied by  colic,  five  by  paralysis,  and  seven  by  other  afiections 
of  the  nervoiis  system.  The  total  percentage  of  cases  of  lead 
poisoning,  in  which  arthralgia  occurs,  varies  from  32  to  57  per 
cent. 

Paralysis,  in  some  form  or  other,  Tanqueril  found  in  5  to 
8  per  cent,  of  the  cases,  and  noticed  that  it  occurred  as  early 
as  the  third  day  after  working  in  lead.  The  muscles  afiected 
are  usually  those  of  the  upper  extremity,  then  the  legs,  and 
still  more  rarely  the  muscles  of  the  trunk.  It  is  only  exception- 
ally that  the  paralysis  extends  over  an  entire  limb;  it  more 
usually  afi"ects  a  muscular  group,  or  even  a  single  muscle.  Its 
common  seat  is  the  extensors  of  the  hand  and  fingers;  hence  the 
expression  "  dropped-wrist,"  for  the  hands  droop,  and  occasioAally 
the  triceps  and  the  deltoid  are  afiected.  The  paralysis  is  usually 
symmetrical  on  both  sides.  Although  the  extensors  are 
afiected  most,  the  flexors  nearly  always  participate,  and  a  care- 
ful investigation  will  show  that  they  are  weakened.  If  the 
paralysis  continues,  there  is  a  wasting  and  degeneration  of  the 
muscle,  but  this  is  seen  in  paralysis  from  any  cause.  The 
muscular  affection  may  cause  deformities  in  the  hands,  shoulders, 
&c.  Anaesthesia  of  portions  of  the  skin  is  generally  present  in 
a  greater  or  less  degree.  A  complete  analgesia  affecting  the 
whole  body  has  been  noticed  to  such  an  extent,  that  there  was 
absolute  insensibility  to  burns  or  punctures;  but  it  is  usually 
confined  to  the  right  half  of  the  body,  and  is  especially  intense 
in  the  right  hand  and  wrist. 

§  682.  The  older  writers  recognised  the  toxic  effect  of  lead  on 
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the  nervous  system.  Thus  Dioscorides  speaks  of  delirium  pro- 
cluced  by  lead,  Aretaeus  of  epilepsy,  and  Paul  of  ^gina  refers  to 
It  as  a  tactor  of  epilepsy  and  convulsions.  But  in  1830,  Tan- 
queril  trst  definitely  described  the  production  of  a  mental  disease, 
wbich  he  called  ^Head  encephalopathy."  This  he  divided  into 
four  forms— (1.)  A  delirious  form;  (2.)  a  comatose;  (3.)  a  con- 
vulsive; and  (4.)  a  combined  form,  comprising  the  delirious,  con- 
vulsive, and  comatose.  Dr.  Henry  Rayner,*  and  a  few  other 
i^nglish  alienists,  have  recently  directed  their  attention  to  this 
question;  and,  according  to  Dr.  Rayner's  researches,  the  number 
of  male  patients  admitted  into  Hanwell  Asylum,  engaged  in 
trades  such  as  plumbing,  painting,  and  the  like,  is  larger  in  pro- 
portion to  the  number  admitted  from  other  trades  than  it  should 
be,  compared  with  the  proportion  of  the  various  trades  in  the 
county  of  Middlesex,  as  ascertained  from  the  census  of  1871. 
Putting  aside  coarse  lead  poisoning,  which  may  occasionally  pro- 
duce acute  mania,  the  insanity  produced  by  prolonged  minute 
lead  intoxications  possesses  some  peculiar  features.  It  develops 
slowly,  and  in  nearly  all  cases  there  are  illusions  of  the  senses, 
of  hearing,  taste,  or  smell,  and  especially  of  sight.  Thus,  in  one 
of  Dr.  Rayner's  cases  the  patient  saw  round  him  "wind-bags 
blown  out  to  look  like  men,"  apparitions  which  made  remarks  to 
him,  and  generally  worried  him.  Besides  this  form,  there  is 
also  another  which  closely  resembles  general  paralysis,  and,  in  the 
absence  of  the  history,  might  be  mistaken  for  it. 

§  683.  The  degenerative  influence  on  the  organ  of  sight  is 
shown  in  six  of  Dr.  Robertson's  patients,  whose  insanity  was 
ascribed  to  lead — four  of  the  six  were  either  totally  or  partially 
blind. 

The  amaurosis  has  been  known  to  come  on  suddenly,  and  after, 
a  very  brief  exposure  to  lead — e.g.,  a  man,  thirty-four  years  of 
age,  after  working  for  three  days  in  a  white-lead  factory,  was 
seized  with  intense  ciliary  neuralgia,  had  pains  in  his  limbs  and 
symptoms  of  lead  poisoning,  and  the  right  eye  became  amaurotic,  f 
This  form  of  impairment  or  loss  of  vision  is  different  from  the 
Hetinitis  alhuminurica,  %  which  may  also  be  produced  as  a  secondary 

*  See  an  important  paper,  "  Insanity  from  Lead  Poisoning,"  by  Drs.  H. 
Hayner,  Hobertson,  Savage,  and  Atkins.  Journ.  of  Mental  Science,  vol. 
xxvi.,  p.  222  ;  also  a  paper  by  Dr.  Barton,  Allgemeine  Zeitsclmft  fur 
Psychiatrie,  Bd.  xxxvij.,  H.  4,  p.  9. 

t  Samelsohn,  MonatM.f.  Augenhcilh.  vol.  xi.,  p.  246,  1873.  See  also  a 
case  of  lead  amaurosis,  described  by  Mr.  W.  Holder,  Pharm.  Journal, 
Oct.  14,  1876. 

+  Ran.  Arch.  f.  OphthaL,  vol.  i.,  (2),  p.  205,  1858,  and  Schmidt's 
Jahrbuch,  Bd.  cxxxiii.,  p.  116;  Bd.  cxliii,  p.  67. 
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efiect  of  the  poison  ;  the  kidneys  in  such  cases  being  profoundly 
afiected. 

Eulenberg  speaks  of  the  sexual  functions  being  weakened, 
leading  to  more  or  less  impotence. 

Lewy,*  in  1186  patients  suffering  from  lead  poisoning,  has 
found  caries  or  necrosis  in  twenty-two  cases,  or  about  1-8  per 
cent.;  fifteen  were  carious  affections  of  the  upper  jaw,  four  of  the 
fore-arm,  two  of  the  thigh,  and  one  of  the  rib  and  sternum. 
Epilepsy  and  epileptiform  convulsions  occur  in  a  few  cases; 
it  is  very  possible  that  the  epilepsy  may  be  a  result  of  the  ursemic 
poisoning  induced  by  diseased  kidneys. 

§  684.  Lead  taken  for  a  long  time  causes  the  blood  to  be  im- 
pregnated with  uric  acid.  In  one  hundred  and  thirty-six  cases 
of  undoubted  gout,  18  per  cent,  of  the  patients  were  found  to 
follow  lead  occupations,  and  presented  signs  of  lead  impregna- 
tion.! 

§  685.  There  are  some  facts  on  record  which  would  seem  to 
countenance  the  belief  that  disease,  pi'imarily  caused  by  an 
inorganic  body  like  lead,  may  be  transmitted.  M.  Paul  {f-g-)  has 
related  the  history  of  the  offspring  (thirty-two  in  number)  of 
seven  men,  who  were  suffering  from  lead  poisoning — eleven  were 
prematurely  born  and  one  still  born;  of  the  remaining  twenty, 
eight  died  in  the  first  year,  four  in  the  second,  and  five  in  the 
third  year,  so  that  of  the  whole  thirty-two,  only  three  survived 
throe  years. 

The  influence  of  the  poison  on  pregnant  women  is,  indeed, 
very  deleterious.  M.  Paul  noted  that  in  four  women  who  were 
habitually  exposed  to  the  influence  of  lead,  and  had  fifteen 
pregnancies,  ten  terminated  by  alaortion,  two  by  premature 
confinement,  three  went  the  full  term,  but  one  of  the  three 
children  Avas  born  dead,  a  second  only  lived  twenty-four  hours ; 
so  that,  out  of  the  whole  fifteen,  one  only  lived  fully.  In 
another  observation  of  M.  Paul's,  five  women  had  two  natural 
confinements  before  being  exposed  to  lead.  After  exposure,  the 
history  of  the  thirty-six  pregnancies  of  these  women  is  as  follows: — 
there  were  twenty-six  abortions  (from  two  to  five  months)  one 
premature  confinement,  two  infants  born  dead,  and  five  born 
alive,  four  of  whom  died  in  the  first  year. 

Chronic  poisoning  may  be  nearly  always  accounted  for  by  the 
inhaling  of  lead  dust,  or  by  the  actual  swallowing  of  some  form 
of  lead ;  but,  if  we  are  to  accept  the  fact  narrated  by  the  late 
Dr.  Taylor— viz.,  that  he  himself  had  an  attack  of  lead  colic 

*  Die  Bervfihranh.  d.  Bhiarheiler.    Wien,  1873,  S.  61. 

Impregnation  in  Relation  to  Gout,"  by  Dyce  Duckworth, 
M.D.,  St.  Barlh.  Hosp.  Eepm-ts,  vol.  xvii,,  1881. 
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aZ.fri!t^  ^  ^  """"^         ^"^^  ^l^i^li  there  was 

or  Tin  ""'^^^  1^^^^  ^^^f  drying  oil,  and  one 

s^btl  vnWn  ^11°^^  tli^^  ^l^er^  is  some 

sLtP  nJ  i     t  ''''^Tf  "°™P«^^^d  of  lead  evolved.  In  the  present 
°^^^^^°^ledge.  It  seems  more  reasonable  to  account  for 
sucHcases,  by  the  suggestion  that  lead  has  entered  the  system 
by  an  unsuspected  channel.  ^ 

In  1882,  a  very  interesting  case  occurred  at  Keighley,  in  which 
a  mechanic,  aged  forty-two,  died  from  the  supposed  effects  of 
lead  poisoning,  induced  from  drinking  the  town  water,  which 
was  proved  by  Mr.  Allen  to  contain  about  4  of  a  grain  of 
lead  per  gallon.  Por  six  months  he  had  been  out  of  health,  and 
a  week  before  his  death  he  suffered  from  colic,  vomitino-,  con- 
stipation, and  a  blue  line  round  the  gums,  and  occasional 
epileptiform,  seizures.  After  death  the  kidneys  were  found 
granular,  and  the  heart  somewhat  enlarged.  The  viscera  were 
submitted  to  Mr.  Allen  for  analysis;  no  lead  was  found  in  the 
heart  or  brain,  a  slight  non-estimable  trace  in  the  kidneys,  and 
about  a  gram  was  separated  from  the  liver  and  spleen.  Dr.  Tidy, 
who  was  called  in  as  an  expert,  gave  a  very  guarded  opinion, 
rather  against  the  theory  of  direct  lead  poisoning;  and  the 
verdict  returned  by  the  jury  was  to  the  effect  that  the  deceased 
died  from  granular  kidney,  accelerated  by  lead  poisoning. 
Murder  by  the  administration  of  doses  of  sugar  of  lead  is  rare, 
but  such  a  case  occurred  recently. 

At  the  Central  Criminal  Court,  in  December,  1882,  Louisa  Jane 
Taylor  was  indicted  for  poisoning  Mary  Ann  Tregillis  at  Plum- 
stead,  and  convicted.  From  the  evidence  it  appeared  that  the 
prisoner,  who  was  thirty-six  years  of  age,  came  to  reside  with 
Mr.  and  Mrs.  Tregillis,  an  aged  couple  of  eighty-five  and 
eighty-one  years  respectively.  The  prisoner  was  proved  to 
have  purchased  at  different  times  an  ounce  and  half  an  ounce 
of  sugar  of  lead,  and  to  have  added  a  white  powder  to  the 
medicine  of  Mrs.  Tregillis.  The  illness  of  the  latter  extended 
from  about  August  23  to  October  23 — a  period  of  two  months. 
It  is  difficult  to  say  when  the  first  dose  could  have  been 
given,  but  it  was  probably  some  time  between  August  13  and 
23,  while  the  administration,  without  doubt,  ceased  on  or  before 
October  6,  for  on  that  date  different  nursing  arrangements 
were  made.     The  symptoms  observed  were  nausea,  vomiting, 

*  The  gate-keeper  of  a  graveyard  at  Bordeaux  continually  used  the 
remnants  of  crosses,  covered  with  lead  paint,  to  replenish  his  fire;  the 
chimney  smoked;  gradually  paralysis  of  the  extensors  of  the  right  wrist 
developed  itself,  and  he  suffered  from  colic  and  other  signs  of  lead  poison- 
ing.   Marmisse,  Oaz.  des.  H6pit.,  No.  25,  1866. 
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pain  in  tlie  pit  of  the  stomach,  burning  in  the  throat,  very 
dark  teeth,  a  blue  line  round  the  gums,  and  slight  jaundice. 
There  was  great  muscular  weakness,  with  trembling  of  the  hands, 
and  a  week  before  death  there  was  paralysis  of  the  right  side. 

Lead  was  discovered  in  most  of  the  viscera,  which  were  in  great 
part  normal,  but  the  kidneys  were  wasted,  and  the  mucous 
membrane  blackened.  The  actual  quantity  of  lead  recovered  by 
analysis  was  small — viz.,  16-2  grms.  grain)  from  the  liver; 
from  8  ounces  of  brain,  3-2  mgrms.  (J^  grain);  from  half  of  the 
stomach,  16-2  mgrms.  grain);  and  from  the  spleen,  the 
kidneys,  and  the  lungs,  small  quantities.  It  is,  therefore, 
probable  that,  if  the  whole  body  had  been  operated  upon,  the 
yield  would  have  been  more  than  -15  grm.  (a  little  over  2 
grains);  but  then,  it  must  be  remembered  that  the  deceased  lived, 
at  least,  seventeen  days  after  the  last  dose. 

§  686.  Post-mortem  Aj3peara7ices. — In  acute  cases  of  poisoning 
by  the  acetate,  there  may  sometimes  be  found  a  slight  inflam- 
matory appearance  of  the  mucous  membrane  of  the  stomach 
and  intestines.  Orfila  considered  that  streaks  of  white  points 
adherent  to  the  mucous  membrane  were  pathognomonic;  but  there 
have  been  several  cases  in  which  only  negative  or  doubtful  signs 
of  inflammatory  or  other  action  have  presented  themselves.  As 
a  rule,  no  unabsorbed  poison  will  be  found  in  the  stomach;  the 
case  related  by  Ohristison,  in  which  a  person  died  on  the  third 
day  after  taking  at  a  single  dose  some  large  quantity  of  acetate 
of  lead;  and  at  the  autopsy  a  fluid  was  obtained  from  the  stomach, 
which  had  a  sweet  metallic  taste,  on  evaporation  smelt  of  acetic 
acid,  and  from  which  metallic  lead  was  obtained — is  so  very 
extraordinary  in  every  respect,  that  its  entire  accuracy  is  to  be 
questioned. .  In  death  from  chronic  lead  poisoning,  there  is  but 
little  that  can  be  called  diagnostic ;  a  granular  condition  of  the 
kidneys  and  all  the  pathological  changes  dependent  on  such  a  con- 
dition, are  most  frequently  seen.  If  the  patient  has  suffered 
from  cohc,  a  constriction  of  portions  of  the  intestine  has  been 
noticed ;  also,  in  cases  in  which  there  has  been  long  standing 
paralysis  of  groups  of  muscles,  these  muscles  are  wasted  and 
possibly  degenerated.  In  instances,  again,  in  which  lead  has 
induced  gout,  the  pathological  changes  dependent  upon  c^out 
will  be  prominent.  The  blue  line  around  the  gums,  and  some- 
times a  coloration  by  sulphide  of  lead  of  portions  of  the 
intestines,  may  help  a  proper  interpretation  of  the  appearances 
seen  after  death;  but  all  who  have  given  any  attention  to  the 
subject  will  agree  that,  simply  from  pathological  evidence,  it  is 
impossible  to  diagnose  chronic  lead  poisonino-. 

§  687.  Physiological  Action  of  Lead.—The  action  of  lead  is  still 
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Obscure,  but  it  is  considered  to  have  an  effect  mainly  on  the 
nervous  centres.  The  paralysed  muscles  respond  to  the  direct 
current,  but  not  to  the  induced,  leading  to  the  suspicion  that 
the  intramuscu  ar  terminations  of  the  nerves  are  paralysed,  but 
that  the  muscular  substance  itself  is  unattacked.  On  the  other 
hand  the  restriction  of  the  action  to  groups  of  muscles,  supports 
the  theory  of  central  action.  ^  ^ 

The  lead  colic  is  due  to  a  true  spasmodic  constriction  of  the 
w.^"^?  '1  exciting  cause  of  which  lies  in  the  walls  of  the  bowel 
itselt;  the  relief  given  by  pressure  is  explained  by  the  pressure 
causing  an  ani«mia  of  the  intestinal  walls,  and  thus  lessenin<^ 
their  sensibility.  The  slowing  of  the  pulse  produced  by  smaU 
doses  IS  explained  as  due  to  a  stimulation  of  the  inhibitory 
nerves;  and,  lastly,  many  nervous  phenomena,  such  as  epilepsy 
&c.,  are  m  part  due  to  imperfect  elimination  of  the  urinary 
excreta,  causing  similar  conditions  to  those  observed  in  uremia. 

§  688_.  Elimination  of  Lead.—When  a  large  dose  of  acetate  or  car- 
bonate IS  taken,  part  is  transformed  into  more  or  less  insoluble  com- 
pounds—some organic,  others  inorganic ;  so  that  a  great  portion 
IS  not  absorbed  into  the  body  at  all,  but  passes  into  the  intestines, 
where,  meeting  Avith  hydric  sulphide,  part  is  changed  into 
sulphide,  colouring  the  aloine  evacuations  black.  Some  of  the 
lead  which  is  absorbed  is  excreted  by  the  kidneys,  but  the  search 
often  yields  only  traces.  Thudichum*  states  that  in  fourteen  cases 
of  lead  poisoning,  in  two  only  was  obtained  a  weighable  quantity 
from  a  day's  urine ;  in  the  remaining  twelve  lead  was  detected, 
but  only  by  the  brownish  colour  produced  in  an  acid  solution  of 
the  ash  by  hydric  sulphide. 

The  elimination  of  lead  by  the  kidneys  is  favoured  by  certain 
medicines,  such,  for  example,  as  potassic  iodide.  Annuschat 
found  in  dogs  poisoned  by  lead  from  3-8  to  4-1  mgrms.  in  100 
cc;  but,  after  doses  of  potassic  iodide,  the  content  of  lead  rose 
to  6-9  and  even  to  14  mgrms. 

§  689.  Fatal  Base — (a.)  Sugar  of  Lead. — It  may  almost  be  said 
that  it  is  impossible  to .  destroy  human  life  with  any  single  dose 
likely  to  be  taken  or  administered.  In  three  cases  an  ounce 
(28-3  grms.)  has  been  taken  without  fatal  result.  Although  it 
must  be  allowed  that  repeated  moderate  doses,  extending  over 
some  time,  are  more  dangerous  to  health  and  life  than  a  single 
large  dose,  yet  there  seems  to  be  in  some  individuals  a  great 
tolerance  of  lead.  Ohristison  has  given  -18  grm.  in  divided 
doses  daily  for  a  long  time  without  any  bad  effect,  save  the 
production  of  a  slight  colic.     Swieten   has  also  given  daily 


*  Pathology  of  the  Urine,  p.  550. 
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3-9  gnns.  (60  grains)  in  ten  days  without  observing  toxic  effects. 
That,  in  other  cases,  less  than  a  grain  per  gallon  of  some  lead 
compound  dissolved  in  drinking-water,  or  in  some  way  introduced 
into  the  economy,  causes  serious  illness,  is  most  inexplicable. 

{b.)  The  Basic  Acetate  in  solution  is  more  poisonous  apparently 
than  the  acetate — 60  cc.  (1^  drms.)  have  caused  serious  symptoms. 

(c.)  The  Carbonate  of  Lead. — Doses  of  anything  like  28  grms. 
(an  ounce)  would  probably  be  very  dangerous  to  an  adult;  the 
only  case  of  death  on  record  is  that  of  a  child  who  took  some 
unknown  quantity,  probably,  from  the  description  of  the  size  of 
the  lump,  about  10  grms.  (2|-  drms.). 

§  690.  Antidotes  and  Treatment. — Soluble  sulphates  (especially 
magnesic  sulphate)  have  been  given  largely  in  both  acute,  and 
chronic  cases ;  in  the  acute,  it  stands  to  reason  that  it  is  well  to 
ensure  the  presence  of  plenty  of  sulphates  in  the  stomach  and 
intestines,  in  order  to  form  the  sparingly  soluble  lead  sulphate, 
should  any  residue  remain;  but  to  expect  this  double  decom- 
position to  go  on  in  the  blood  and  tissues  is  not  based  upon 
sound  observation.  The  chronic  lead  poisoning  is  best  treated  by 
removal  from  the  source  of  mischief,  the  administration  of  large 
quantities  of  distilled  water,  and  medicinal  doses  of  potassic  iodide. 

§  691.  Localisation  of  Lead. — In  a  dog,  which  was  killed  by 
chronic  lead  poisoning,  Heubel  found  in  the  bones  -02  to  -03 
per  cent,  of  lead;  in  the  kidneys,  -01  to  -02;  liver,  -01  to  -03; 
brain,  -004  to  -01;  muscles,  -001  to  -002;  in  the  intestines 
traces  -002 ;  in  the  spleen,  the  blood,  and  the  bile,  he  also  only 
found  traces.  If,  however,  the  percentage  be  calculated  on  the 
dry  substance,  they  would  come  out  somewhat  as  follows  : — 


Liver,   -03  to  -10  per  cent. 

Kidney,   -03  to  '07  „ 

Brain,   -02  to  -0.5 

Bones,   -01   to  "04 

Muscles,   -004  to -008  ,, 


It  is  of  no  value  to  search  the  blood  for  lead,  for,  although 
Tiedemann,  Gmelin,  Lassaigne,  Ohevallier,  and  others  have 
frequently  done  so,  only  traces  have  been  found.  It  nevertheless 
is  taken  up  by  the  blood,  and  forms  with  organic  bodies  com- 
pounds soluble  with  difficulty. 

Without  going  so  far  as  to  say  that  lead  is  a  natural  constituent 
of  the  body,  it  is  certain  that  it  may  be  frequently  met  with  in 
persons  who  have  been  apparently  perfectly  healthy,  and  quite 
free  from  all  symptoms  of  lead  poisoning.  Legrip  found  in  the 
liver  and  spleen  of  a  healthy  person,  54  mgrms.  of  lead  oxide  in 
every  kilogram;  Oidtmann,  in  the  liver  of  a  man  fifty-six  years 
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+r  f  ^  ^1,  '^'i^*^^^*^  of  stomacli  for  soZic^  bodies,  but  merely 
treated  them  at  once  with  acid  solvents,  he  would  naturaUv  S 
very  decided  lead  reactions,  and  would  possibly  conclud  "^ald 
give  evidence  to  the  effect,  that  a  poisonous  soluble  salt  of  lead 
had  been  administered  shortly  before  death 

§  692.  Detection  and  Estimation  of  Lead.~A  great  number  of 
fluids  (such  as  beer,  wines,  vinegar,  water,  &c.),  if  they  contain 
anything  like  the  amount  of  one-tenth  of  a  milligramme  in  100  cc 
will  give  a  very  marked  dark  colour  with  SH,.    It  is,  however 
usually  safest  m  the  first  place  to  concentrate"  the  liquid  to  add 
an  acid,  and  deposit  the  lead  on  platinum,  in  the  wal  to  be 
shortly  described.    Nearly  all  the  lead   from  oils  and  fatty 
matter  may  be  dissolved  out  by  shaking  up  the  fat  with  dilute 
nitric  acid;  if  necessary,  the  fat  should  previously  be  melted 

It  (m  the  usual  course  of  routine  research)  a  hydrochloric  acid 
solution  IS  obtained  from  the  treatment  or  destruction  of  organic 
substances  by  that  agent,  and  lead  sulphide  (mixed  possibly 
with  other  sulphides)  is  filtered  off,  any  arsenical  sulphide  may 
first  be  extracted  from  the  filter  by  ammonia,  and  any  anti- 
monious  sulphide  by  sodic  sulphide;  then  the  sulphide  maybe 
extracted  by  warm  hydrochloric  acid,  which  will  leave  undis- 
solved such  sulphides  as  those  of  copper  and  mercury  On 
diluting  the  liquid,  and  filtration  at  a  boiling  temperature 
crystals  of  lead  chloride  will  be  deposited  on  cooling.  ' 

If,  however,  organic  matters  are  specialhj  searched  for  lead, 
hydrochloric  acid  is  not  the  best  solvent,  but  nitric  should  always 
be  preferred;  and,  if  there  is  reason  to  think  that  the  lead  exists 
m  the  form  of  sulphate,  then  the  proper  solvent  is  either  the 
acetate  or  the  tartrate  of  ammonia;  but,  in  either  case,  the  solu- 
tion should  contain  an  excess  of  ammonia.  It  must,  however,  be 
remembered  that  organic  matters  retain  lead  with  great  tenacity, 
and  that  in  all  cases  where  it  can  with  any  convenience  be 
effected,  the  substances  should  be  not  only  carbonised,  but  burnt 
to  an  ash;  for  Boucher  has  shown  *  that  carbon  retains  lead,  and 
that  the  lead  in  carbon  resists  to  a  considerable  extent  the  action 
of  solvents. 

In  the  case  of  sulphate  of  lead,  which  may  be  always  produced 


*  Ann.    Hygiene,  fc.  xli. 
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in  an  ash  from  organic  substances  by  previous  treatment  with 
sufficient  sulphuric  acid,  a  very  excellent  method  of  identification 
is  to  convert  it  into  sugar  of  lead.  To  do  this,  it  is  merely 
necessary  to  boil  it  with  carbonate  of  ammonia,  which  changes  it 
into  carbonate  of  lead ;  treatment  with  acetic  acid  will  now  give 
the  acetate;  the  solution  may  (if  the  lead  is  in  very  small  quan 
tity)  be  concentrated  in  a  watch-glass,  a  drop  evaporated  to 
dryness  on  a  circle  of  thin  microscopic  glass,  and  the  crystals 
examined  by  the  microscope ;  the  same  film  next  exposed  to  the 
fumes  of  SHg,  which  will  blacken  it;  and  lastly,  the  solution 
(which  should  be  sweet)  tasted.  A  crystalline  substance,  pos- 
sessing a  sweet  taste,  and  blackening  when  exposed  to  SHg,  can, 
under  the  circumstances,  be  no  other  substance  than  acetate  of 
lead. 

If  the  analyst  does  not  care  for  this  method,  there  is  room  for 
choice.  A  solution  containing  lead  can  be  converted  into  sul- 
phide ;  in  this  case  it  is,  however,  absolutely  necessary  that  there 
should  be  no  great  excess  of  acid,  since  as  little  as  2-5  per  cent, 
of  free  hydrochloric  apid  will  prevent  all  the  lead  going  down. 
On  obtaining  the  sulphide,  the  latter,  as  already  described,  can 
be  converted  into  chloride  by  hydrochloric  acid,  and  the  crystal- 
line chloride  is  extremely  characteristic. 

From  the  solution  of  the  chloride  the  metal  may  be  obtained 
in  a  solid  state  by  inserting  a  piece  of  zinc  in  the  solution  con- 
tained in  a  crucible;  the  lead  will  be  deposited  gradually,  and 
can  be  then  collected,  washed,  and  finally  fused  into  a  little 
globule  on  charcoal.  A  lead  bead  flattens  easily  when  hit  with 
a  hammer,  and  makes  a  mark  on  paper.  Solutions  of  the  chloride 
also  give  a  heavy  precipitate  of  lead  sulphate,  when  treated  with 
a  solution  of  soclic  sulphate. 

When  lead  is  in  very  minute  quantity,  an  electrolytic  method 
is  generally  preferable;  the  lead  is  precipitated  on  platinum  by 
using  exactly  the  same  apparatus  as  in  Bloxam's  test,  described 
at  p.  533;  the  liquid  to  be  tested  being  placed  in  the  inner  cell, 
the  lead  film  may  now  be  identified,  dissolved  in  nitric  acid,  and 
estimated  by  a  colorimetric  process.  For  the  estimation  of  the 
minute  fractions  of  a  grain  by  a  colour  method,  it  is  merely 
necessary  to  have  a  very  dilute  solution  of  acetate  of  lead,  to  add 
a  known  volume  of  SHg  water  to  the  liquid  to  be  tested  in  a 
Nessler  cylinder,  noting  the  colour,  and  add  to  another  a  known 
quantity  of  the  standard  lead  solution  and  the  same  quantity  of 
SHg  as  was  added  to  the  first. 

The  process  has  an  advantage  which  is  great,  viz.,  that  it  either 
detects  copper  or  proves  its  absence  at  the  same  time;  and  there 
are  few  cases  in  which  the  analyst  docs  not  look  for  copper  as  well 

37 
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as  for  lead.  Lead,  if  in  sufficient  quantity,  may  be  most  con- 
veniently estimated  as  oxide,  sulphate,  or  chloride;  the  chief 
properties  of  these  substances  have  been  already  described. 


2.  COPPER, 


§  693.  Copper,  Ou  =  63-5;  specific  gravity,  from  8-921  to  8*952; 
fusing  point,  1091°  (1996°F.).  Copper  in  analysis  occurs  either 
as  a  film  or  coating  on  such  metals  as  platinum,  iron,  (fee,  or  in  a 
state  of  fime  division ;  or,  finally,  as  a  bead.  In  thin  films,  copper 
has  a  yellowish  or  a  yellowish-red  colour;  it  dissolves  readily  in 
nitric,  slowly  in  hydrochloric  acid.  If  air  be  excluded,  hydro-  . 
chloric  acid  fails  to  dissolve  copper,  and  the  same  remark  applies 
to  ammonia ;  but,  if  there  be  free  access"  of  air,  ammonia  also  acts 
as  a  slow  solvent.  Metallic  copper  in  a  fine  state  of  division  can 
be  fused  at  a  white  heat  to  a  bright  bluish-green  globule,  which, 
on  cooling,  is  covered  with  black  oxide. 

§694.  Cupric  Oxide  (OuO  =  79-5;  specific  gravity,  6*5;  com- 
position in  100  parts,  Cu  79-85,  O  20-15)  is  a  brownish-black 
powder,  which  remains  in  the  absence  of  reducing  gases  unaltered 
at  a  red  heat.  It  is  nearly  insoluble  in  water,  but  soluble  in 
cm,  NO3H,  cfec. ;  it  is  hygroscopic,  and,  as  every  one  who  has 
made  a  combustion  knows,  is  readily  reduced  by  ignition  Avith 
charcoal  in  the  presence  of  reducing  gases. 

§  695.  Cupric  Sulp)hide,  CuS==95-5,,  produced  in  the  wet  Avay, 
is  a  brownish  powder  so  insoluble  in  water  that,  according  to 
Fresenius,  950,000  parts  of  water  are  required  to  dissolve  one 
part.  It  is  not  quite  insoluble  in  CIH,  and  dissolves  readily  in 
nitric  acid  with  separation  of  sulphur.  By  ignition  in  a  stream 
of  Hg,  it  may  be  converted  into  the  subsulphide  of  copper.  It 
must  always  be  washed  by  SH,  water. 

§  696.  Solubility  of  Copper  in  Water  and  Various  Fluids. — The 
solubility  of  copper  in  water  and  saline  solutions  has  been  very 
carefully  studied  by  Carnelley.*  Distilled  water  exerts  some 
solvent  action,  the  amount  varying,  as  might  be  expected,  accord- 
ing to  the  time  of  exposure,  the  amount  of  surface  exposed,  the 
quantity  of  water  acting  upon  the  copper,  &c.  It  would  appear 
that  under  favourable  circumstances,  100  cc.  of  distilled  water 
may  dissolve  -3  mgrm.  of  copper  (-2  grain  per  gallon). 

With  regard  to  salts,  those  of  ammonium  exert  a  solvent  action 
on  copper  more  decided  than  that  of  any  others  known.  With 
the  others,  however,  the  nature  of  the  base  exerts  httle  influence, 


*  Journ.  Chem.  Soc,  1876.,  vol.  ii.,  p.  4. 
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the  action  of  the  salt  depending  chiefly  on  the  nature  of  its  acid 
radical.  Thus,  beginning  with  the  least  effective,  the  following  is 
the  order  of  dissolving  strength : — Nitrates,  sulphates,  carbonates, 
and  chlorides.  It  will  then  at  once  be  evident  that  a  water,  con- 
taminated by  sewage,  and  therefore  containing  plenty  of  ammonia 
and  chlorides,  might  exert  a  very  considerable  solvent  action  on 
copper. 

Almost  all  the  oils  and  fats,  as  well  as  syrups,  dissolve  small 
quantities  of  copper;  hence  its  frequent  presence  in  articles  of 
food  cooked  or  prepared  in  copper  vessels.  In  the  very  elaborate 
and  careful  experiments  of  Mr.  "W.  Thompson,*  the  only  oils 
which  took  up  no  copper,  when  digested  on  copper  foil,  were 
English  neats'-foot  oil,  tallow  oil,  one  sample  of  olive  oil,  palm-nut 
oil,  common  tallow  oil,  and  white  oil,  which  was  protected  from 
the  air  by  a  thick  coating  of  oxidised  oil  on  its  surface. 

§  697.  Copper  as  a  Normal  Constituent  of  Animal,  Vegetable, 
and  other  Matters.— GoTpTper  is  very  widely  distributed  through- 
out the  mineral,  animal,  and  vegetable  kingdoms.  Besides,  being 
present  in  numerous  minerals  and  earths,  it  is  often  found  in 
spring  and  river  water,  either  from  the  solvent  action  of  the 
water  itself,  or  from  pollution  from  copper  mines  or  manufac- 
tories m  which  the  metal  is  used. 

In  the  animal  kingdom  it  is  a  constant  and  natural  consti- 
tuent of  the  blood  of  the  cephalopods,  Crustacea,  gasteropods,  and 
cephalophora,  and  is  nearly  always  present  in  the  liver  and 
kidneys  of  domestic  animals,  as  well  as  in  men.  Dr.  Dupr^t 
found  -035  to  -029  grain  (1-8  to  2  mgrms.)  in  human  livers, 
or  about  one  part  in  600,000.  Bergeron  and  L.  L.  Hote's 
researches  on  fourteen  bodies,  specially  examined  for  copper,  fully 
substantiate  those  of  Dr.  Dupre;  in  twelve,  the  copper  was  found 
m  quantities  of  from  -7  to  1-5  mgrm.;  in  the  remaining  two  the 
amount  of  copper  was  very  minute,  and  was  not  estimated.! 
Copper  IS  also  found  normally  in  the  kidneys,  and  DupreS 
detected  in  human  kidneys  about  one  in  100,000  parts-  it  ii 
also  found  in  the  bile,  and  in  minute  traces  in  the  blood  y 

In  the  kidneys  and  livers  of  the  ruminants  copper  may  always 
Churc?  fof  '         containing  about  one  part  in  20,000 

Church  found  copper  m  the  feathers  of  the  wiigs  of  the  turaco  ' 
Melopsitt  m  the  feathers  of  a  V^r^quet  (Melopsittnens  undulX^"** 

VV.  176t20S°3?3^'"^  ""^^^^^^  ^'^fP^^'"  ^-^-^  vol.  xxxiv., 

t  Analyst,  No.  13,  1877. 

if  ^"^P^-J^^ndus,  vol.  Ixxx.,  p.  268.  s  Qn  rif 

P^'y^iolo^cL  ^al^:^.  415. 

(//tem.  Sews,  xxviij,  212. 
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In  >N  lieat  (and  therefore  in  bread),  in  barley,  mangel-wurzel, 
swedes  (and  in  both  the  root  and  leaf  of  turnip),  as  Avell  as 
in  most  other  vegetables,  copper  in  very  minute  traces  may 
be  detected.  Of  the  dift'erent  vegetables  specified,  Dr.  Dupre 
found,  as  a  maximum,  one  part  of  oxide  of  copper  in  240,000 
parts  of  wheat;  and,  as  a  minimum,  one  part  of  oxide  of  copper 
in  4,375,000  of  turnip  root.* 

§  698.  Gopher  in  Articles  of  Food  and  Drink. — Copper  as  an 
impurity,  or  an  adulterant,  is  found  in  a  great  variety  of  articles 
of  food  and  drink.  It  has  been  discovered  in  aerated  waters, 
its  presence  being  due  to  the  use  of  copper  cylinders,  the  lining 
tin  of  which  had  been  rendered  defective  by  corrosion,  t 

Accidents  may  also  occur  from  the  use  of  copper  boilers.  Mr. 
W.  Thompson  found  in  one  case;  no  less  than  3-575  grains  in 
a  gallon  (51  mgrms.  per  litre)  in  water  drawn  from  a  kitchen 
boiler. 

At  Roubaix,  in  France,  sulphide  of  copper  had  been  deposited 
on  the  roof,  as  a  consequence  of  the  use  of  copper  flues;  the 
sulphide  was  changed  into  sulphate  by  the  action  of  the  air,  and 
washed  by  the  rain  into  the  water-tank.§ 

That  preserved  vegetables  are  made  of  a  bright  and  attractive 
green  colour  by  impregnation  with  copper,  from  the  deliberate 
use  of  copper  vessels  for  this  purpose,  is  a  fact  long  known. 
Green  peas  especially  have  been  coloured  in  this  way,  and  a 
number  of  convictions  for  this  offence  have  taken  place  m 

England^ several  cases  were  heard  at  the  Marlborough  Police 
Court,  under  the  Sale  of  Food  and  Drugs  Act,  the  charge  being 
the  addition  of  copper  to  peas;  in  a  particular  instance,  the 
pound  tin  of  preserved  peas  was  found  to  contain  -Obb  copper, 
equal  to  21  grains  of  copper  sulphate.  There  was  a  considerable 
amount  of  ^scientific  evidence  offered,  one  of  the  experts  (Dr.  Guy) 
declaring  his  conviction  that  copper  salts  were  more  injurious 
than  those  of  lead;  all  agreed  that  the  amount  of  copper  found 
was  beyond  that  which  could  be  naturally  present   m  any 

""'Arthe  "Liverpool  Police  Court,  a  firm  was  prosecuted  for 
selling  peas  containing  copper  equal  to  2|  grains  of  sulphate  to 
the  pound  tin.H 

*  Dupre,  Op.  cit.    Sarzeau  has  found  copper  in  about  ^g^taU^. 
'    t  -  On  the  Presence  of  Lead  and  Copper  m  Aerated  Waters,  by  Dr. 
James  Milne.— CAem.  News,  xxxi.,  p.  77. 

+  Chem.  News,  xxxi.,  No.  801. 
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A  Liverpool  grocer  was  fined  20s.  and  costs,  for  selling  peas  con- 
taining copper  equal  to  2-6  grains  of  the  sulphate  to  the  pound.* 

At  Bradford,  vendors  have  been  fined  for  selling  coppered  peas, 
the  metal  equalling  from  1|  to  2  grains  to  the  pound,  t 

Copper  may  be  found  in  spirits,  owing  to  the  use  of  copper 
condensers,  a  remark  Avhich  applies  also  to  the  essential  oils, 
such  as  oleuvi  cajepute  menthcB,  (fec.|  In  France,  it  has  been 
added  fraudulently  to  absinthe,  to  improve  its  colour.  §  Green 
sweetmeats,  green  toys,  green  papers,  have  all  been  found  to 
contain  definite  compounds  of  copper  to  a  dangerous  extent. 

§  699.  Preparations  of  Copper  used  in  Medicine  and  the  Arts. 

(1.)  Medichial  Preparations : — - 

Sulphate  of  Copper,  Cupri  Suljihas,  CuSO^SHgO.  This  well- 
known  salt  is  very  soluble  in  water,  reddens  litmus,  and  is 
slightly  efHorescent;  its  solution  responds  to  all  the  usual  tests 
for  copper  and  sulphuric  acid.  A  watery  solution  of  the  salt  to 
which  twice  its  volume  of  a  solution  of  chlorine  has  been  added, 
gives,  when  treated  with  ammonia  in  excess,  a  clear  sapphire-blue 
solution,  leaving  nothing  undissolved,  and  thus  showing  the 
absence  of  iron.  Besides  iron,  sulphate  of  copper  has  been  found 
to  contain  zincic  sulphate. 

Cuprum  Aluminatum. — A  preparation,  called  cuprum  alumina- 
turn  [Pierre  divine)  is  in  use  in  Erance  and  Germany  as  a 
medicine.  It  is  composed  of  16  parts  cupric  sulphate,  16  potassic 
nitrate,  16  alum,  and  5  camphor. 

Regular  and  irregular  medical  practitioners,  veterinary  sur- 
geons, farriers,  and  grooms,  all  use  sulphate  of  copper  (bluestone) 
as  an  application  to  wounds.  Copper  as  an  internal  remedy,  is  not 
in  favour  either  with  quacks  or  vendors  of  patent  medicines.  The 
writer  has  not  yet  found  any  patent  pill  or  liquid  containing  it. 

(2.)_  Copper  in  the  Arts. — -Copper  is  used  very  extensively  in  the 
arts;  it  enters  into  the  composition  of  a  number  of  alloys,  is  one 
of  the  chief  constituents  of  the  common  bronzing  powders,  is 
contained  in  many  of  the  lilac  and  purple  fires  of  the  pyro- 
technist, and  in  a  great  variety  of  pigments.  The  last-mentioned, 
being  of  special  importance,  will  be  briefly  described  :  

Pigments : — 

Schweinfurt  and  Scheele's  Green\\  are  respectively  the  aceto- 
arsenite  and  the  arsenite  of  copper. — (See  article  "Arsenic)." 

*  Sanitary  Record,  vj. ,  p.  351.  f  ma, ,  yi; ,  p.  63 

:  According  to  Eulenberg  (Gewerhc  Hygiene,  p.  716),  Oleum  cajepute 
Menth.  pip.,  JfeW  Tarmcetti  &c.,  are  almost  always  contaminated  w  th 
copper.  §  Tardieu  :  ^tude  M6d.  Ug.  sur  V  Empokonnement. 

II  The  synonyms  for  Schwemfurt  gi-een  are  extremely  numerous  --Mitic 
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Brighton  Green  is  a  mixture  of  impure  acetate  of  copper  and 
chalk. 

Brunswick  Green,  originally  a  crude  chloride  of  copper,  is  no"w 
generally  a  mixture  of  carbonate  of  copper  and  chalk  or  alumina. 

Mountain  Green,  or  Mineral  Green,  is  the  native  green  carbonate 
of  copper,  either  with  or  without  a  little  orpiment. 

Neuwieder  Green  is  either  the  same  as  mountain  green,  or 
Schweinfurt  green,  mixed  with  gypsum  or  sulphate  of  baryta. 

Green  Verdites  is  a  mixture  of  oxide  and  carbonate  of  copper 
with  chalk. 

Verdigris  is  an  acetate  of  copper,  or  a  mixture  of  acetates. 
Its  formula  is  usually  represented  as  (CgHgOg)  CuO.  It  is  much 
used  in  the  arts,  and  to  some  extent  as  an  external  application 
in  medicine.  Its  most  frequent  impurities  or  adulterations  are 
chalk  and  sulphate  of  copper. 

§  700.  Dose — Medicinal  Dose  of  Copj^er. — Since  sulphate  of 
copper  is  practically  the  only  salt  administered  internally,  the 
dose  is  generally  expressed  as  so  many  grains  of  sulphate.  This 
salt  is  given  in  quantities  of  from  -016  to  -129  grm.  {\  to  2  grains) 
as  an  astringent  or  tonic;  as  an  emetic,  from  -324  to  '648  grm. 
(5  to  10  grains). 

The  sulphate  of  copper  is  given  to  horses  and  cattle  in  such 
large  doses  as  from  30  up  to  120  grains  (1-9  to  7-7  grms.);  to 
sheep,  from  1-3  to  2-6  grms.  (20  to  40  grains);  rabbits,  -0648  to 
•1296  grm.  (1  to  2  grains). 

Poisonous  Dose. — A  dose  of  7-7  grms.  of  sulphate  of  copper 
(120  grains)  has  caused  very  serious  symptoms.*  A  woman  died 
in  seventy-two  hours,  after  taking  27  grms.  (7  drms.)  of  sulphate 
of  copper  mixed  with  11-6  grms.  (3  drms.)  of  sulphide  of  iron. 
56-6  grms.  (2  ozs.)  of  the  acetate  of  copper  have  caused  death  in 
three  days;  14-17  grms.  (J  oz.)  in  sixty  hours.t 

§  701.  Effects  of  Soluble  Copper  Salts  on  Animals.^ — Harnack 
has  made  some  experiments  on  animals  with  an  alkaline  tartrate 
of  copper,  which  has  no  local  action,  nor  does  it  precipitate 
albumin.  J  to  f  mgrm.  of  copper  oxide  in  this  form,  administered 
subcutaneously,  was  fatal  to  frogs,  -05  grm.  to  rabbits,  -4  grms.  to 
doo's.  The  direct  excitability  of  the  voluntary  muscles  was 
gradually  extinguished,  and  death  took  place  from  heart 
paralysis  Vomiting  was  only  noticed  when  the  poison  was 
administered  by  the  stomach.  The  temperature  of  animals 
poisoned  by  copper  sinks,  according  to  the  researches  of  J^.  A. 
Falck,  many  degrees.  These  observations  are  in  agreement  with 
the  effects  of  copper  salts  on  man,  and  with  the  experiments  ot 
Orfila,  Blake,  0.  Ph.  Falck,.  and  others. 

*  Taylor,  Op.  cit.  +  Sonnenschein,  Op.  cit. 
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§  702.  Effects  of  Soluble  Copper  Salts  on  Man — Acute  Poisoning. 
— Acute  poisoning  by  salts  of  copper  is  rare;  in  tlie  five  years 
ending  1880,  there  were  registered  in  England  seven  deaths  from 
this  cause — five  were  adults,  two  of  the  five  were  suicidal  cases, 
and  two  were  children.  The  symptoms  produced  by  the  sulphate 
of  copper  are  those  of  a  powerful  irritant  poison:  there  is 
immediate  and  violent  vomiting;  the  vomited  matters  are  of  a 
greenish  colour — a  green  distinguished  from  bile  by  the  colour 
changing  to  blue  on  the  addition  of  ammonia.  There  is  pain  in 
the  stomach,  and  in  a  little  time  affections  of  the  nervous  system, 
as  shown  by  spasms,  cramps,  paralysis,  and  even  tetanus. 
Jaundice  is  a  frequent  symptom,  if  life  is  prolonged  suflSciently 
to  admit  of  its  occurrence. 

One  of  the  best  examples  of  acute  poisoning  by  copper  sulphate 
is  recorded  by  Maschka.*  A  youth,  sixteen  years  old,  took  an 
unknown  large  dose  of  powdered  copper  sulphate,  mixed  with 
water.  Half  an  hour  afterwards  there  was  violent  vomiting,  and 
he  was  taken  to  the  hospital.  There  was  thirst,  retching,  con- 
striction in  the  throat,  a  coppery  tint  in  the  mouth,  and  pain  in 
the  epigastrium,  which  was  painful  on  pressure.  The  vomit  was 
of  a  blue  colour,  and  small  undissolved  crystals  of  copper  sulphate 
were  obtained  from  it.  The  patient  was  pale,  the  edges  of  the 
lips  and  the  angles  of  the  mouth  were  coloured  blue,  the  surface 
of  the  tongue  had  also  a  blue  tint,  the  temperature  was 
depressed,  the  extremities  cold,  nails  cyanotic,  and  the  pulse 
small  and  quick.  Several  loose  greenish-yellow  evacuations 
were  passed;  there  was  no  blood.  The  urine  was  scanty,  but 
contained  neither  blood  nor  albumen.  During  the  night  the 
patient  was  very  restless;  the  next  morning  he  had  violent 
headache,  pain  in  the  epigastrium,  burning  in  the  mouth  and 
gullet,  but  no  vomiting.  The  urine  was  scanty,  contained  blood, 
albumen,  and  colouring-matter  from  the  bile.  On  the  fourth  day 
there  was  marked  jaundice.  The  mucous  membrane  was  very 
pale,  the  temperature  low,  pulse  frequent,  and  great  weakness, 
cardiac  oppression,  and  restlessness  were  experienced.  There  was 
diarrhoea  and  tenesmus,  the  motions  being  streaked  with  blood  • 
the  urine  also  contained  much  blood.  The  liver  was  enlarged.' 
The  patient  died  in  a  state  of  collapse  on  the  seventh  day.  ^ 

In  1836  a  girl,  sixteen  months  old,  was  given  bluestone  to 
play  with,  and  eat  an  unknown  quantity;'  a  quarter  of  an  hour 
afterwards  the  child  was  violently  sick,  vomiting  a  bluish-o-reen 
liquid  containing  some  pieces  of  sulphate  of  copper.  Death'^took 
place  in  four  hours,  without  convulsions,  and  without  diarrhoea 


*  Wiener  Med.  WaeJiensch:,  1871,  Nro.  26,  p.  628. 
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§  703.  Suhacetate  of  Copper,  Subchloride,  and  Carbonate,  all  act 
very  similarly  to  the  sulphate  when  given  in  large  doses. 

§  704.  Post-mortem  Appearances. — In  Maschka's  case,  the  chief 
changes  noted  were  in  the  liver,  kidneys,  and  stomach.  The  sub- 
stance of  the  liver  was  friable  and  fatty ;  in  the  gall-bladder  there 
were  but  a  few  drops  of  dark  tenacious  bile.  The  kidneys  were 
swollen,  the  cortical  substance  coloured  yellow,  the  pyramids 
compressed  and  pale-brown.  In  the  mucous  membrane  of  the 
stomach  there  was  an  excoriation  the  size  of  a  shilling,  in  which 
the  epithelium  was  changed  into  a  dirty  brown  mass,  easily 
detached,  laying  bare  the  muscular  substance  beneath,  but  other- 
wise normal. 

In  a  case  of  poisoning  by  verdigris  (subacetate  of  copper)  re- 
corded by  Orfila,*  the  stomach  was  so  much  inflamed  and 
thickened  that  towards  the  pyloric  end,  the  opening  into  the 
intestine  was  almost  obliterated.  The  small  intestines  throughout 
were  inflamed,  and  perforation  had  taken  place,  so  that  part  of 
the  green  liquid  had  escaped  into  the  abdomen.  The  large 
intestines  were  distended  in  some  parts,  contracted  in  others,  and 
there  was  ulceration  of  the  rectum.  In  other  cases  a  striking 
discoloration  of  the  mucous  membrane,  being  changed  by  the 
contact  of  the  salt  to  a  dirty  bluish-green,  has  been  noticed,  and, 
when  present,  will  afford  valuable  indications. 

Chronic  Poisoning  by  Copper.  —  This  has  occasionally  been 
seen  among  workers  in  copper  or  its  salts,  and  also  from  the  use 
of  food  accidentally  contaminated  by  copper.  In  the  symptoms 
there  is  a  very  great  resemblance  to  those  produced  by  lead. 
There  is  a  green  line  on  the  margin  of  the  gums.  Dr.  Clapton  f 
found  the  line  very  distinct  in  a  sailor  and  two  working  copper- 
smiths, and  the  two  men  were  also  seen  by  Dr.  Taylor.  Cases 
of  chronic  poisoning  among  coppersmiths  have  also  been  treated 
by  Dr.  Cameron,  {  but  this  symptom  was  not  noticed.  Corrigan 
speaks  of  the  line  round  the  gums,  but  describes  it  as  purple-red. 
Metallic  copper  itself  is  not  poisonous,  so  that  the  copper  dust 
must  be  converted  by  the  fluids  of  the  body  into  a  soluble  salt, 
capable  of  being  absorbed  into  the  blood.  Among  workers  in 
copper,  Laucereaux  §  has  seen  a  black  coloration  of  the  mucous 
membrane  of  the  digestive  canal ;  its  chemical  characters  appear 
to  agree  with  those  of  carbon. 

Small  doses  of  the  salts  of  copper  continued  for  some  time 
produce  colicky  pains,  impairment  of  the  digestion,  diarrhoea, 

*  Toxicologic,  vol.  i.,  p.  787  (5th  ed.) 
t  Med.  Times  and  Gazette,  June  1868,  p.  658. 
+  Med.  Times  and  Gazette,  1870,  vol.  i.,  p.  581. 
§  "  Atlas  of  Pathological  Anatomy." 
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the  coppered  dish,  of  course  equSe  coppl;  pSand  ;,r'"" 
best  thoroughly  washed  witfi  hot  acid  er.  which^H  if 
properly  performed,  extract  all  the  copper.    By  the  „  '  of 

SL-'il^rTniid         "^'^  °"  - 
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facility  A  zmc  platinum  couple  is  made  with  two  w Les  on 
leaving  this  m  an  acid  liquid  containing  a  mere  trace  of  copper 
after  several  hours  the  platinum  wUl  be  found  discoloured^^  If  • 
the  discoloration  is  from  copper,  on  exposing  the  wire  to  hvdro- 
bromic  acid  fumes  (easily  produced  from  the  action  of  potassic 
bromide  and  sulphuric  acid)  and  bromine,  the  wire  will  become 
of  a  violet  colour.  This  colour  is  easily  recognised  by  rubWn' 
the  wire  on  a  piece  of  porcelain.*  ^  ^uum^ 

(2  )  Animal  Matters,  such  as  the  liver,  brain,  spinal  cord,  (fee 
are  best  entirely  burnt  to  an  ash,  and  the  copper  looked  for  in 
the  latter.  T  The  same  remark  applies  to  bread  and  substances 
consisting  almost  entirely  of  starchy  matters.  Any  injurious 
quantity  of  copper  can,  however,  be  extracted  with  hydrochloric 
acid  and  water;  and,  although  this  method  of  extraction  is  not 
quite  so  accurate,  it  is  quicker. 

§  706.  Volumetric  Processes  for  the  Estimation  of  Copper.— A. 
number  of  volumetric  processes  have  been  devised  for  the  esti- 
mation of  copper,  but  for  the  purposes  of  this  work  it  is 
unnecessary  to  detail  them.  When  copper  is  in  too  small  a 
quantity  to  be  weighed,  it  may  then  be  estimated  by  a  colori- 
metric  process. 

One  of  the  best  of  these  is  based  upon  the  brown  colour  which 
ferrocyanide  of  potash  produces  in  very  dilute  solutions  of  copper. 
A  standard  copper  solution  is  obtained  by  dissolving  sulphate  of 
copper  in  a  litre  of  water,  so  that  each  cc.  contains  0-1  mgrm. 
Ou.,  and  a  solution  of  ferrocyanide  of  potash  in  water  is  prepared, 
strength  4  per  cent.  It  is  also  convenient  to  have  a  solution  of 
nitrate  of  ammonia,  which  is  found  to  render  the  reaction  much 
more  delicate. 

*  Chem:  News,  Nov.  30,  1877. 

i  In  exhumation  of  long  buried  bodies,  ifc  may  be  necessary  to  know 
the  composition  of  the  soil.  Sonnenschein  mentions  a  skull,  now  in  the 
museum  at  Madrid  which  was  dug  out  of  an  old  Roman  mine,  and  is  quite 
green  from  copper  compounds.— Sonnenschein 's  Handbuch,  p.  S3. 
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The  further  details  of  the  process  are  precisely  on  the  same 
principles  as  the  well-known  colorimetric  method  of  estimating 
ammonia  by  Nessler's  solution. 


3.  BISMUTH. 

S  707.  Bismuth,  Bi  =  210;  specific  gravity,  9-799;  fusing  point, 
964°  (507 -2^  )  Bismuth,  as  obtained  in  the  course  of  analysis, 
i  either  a  black  metallic  powder  or  a  bead  extremely  brittle,  and 
of  a  reddish-white  colour.  The  compounds  which  it  will  be 
necessary  to  notice  briefly  will  be  the  teroxide  and  the  tersul- 

^^708.  The  Teroxide  of  Bismuth  (Bi203  =  468;  specific  gravity, 
8-211;  Bi  89-64  per  cent.,  O  10-36  per  cent.),  as  prepared  by 
io-niting  the  carbonate  or  nitrate,  is  a  pale  lemon-coloured  powder, 
which  can  be  fused  without  loss  of  weight,  but  is  reduced  m  char- 
coal, or  in  a  stream  of  carbon  dioxide,  to  the  metallic  state.  It  is 
also  reduced  by  fusion  with  cyanide  of  potassium,  or  by  ignition 
with  chloride  of  ammonium. 

§  709.  The  Sulphide  of  Bismuth  (BigSg  =  516 ;  Bi  81-25  per  cent., 
S  18-75  per  cent.),  occurs  in  the  course  of  analysis  as  a  brownish- 
black  or  quite  black  precipitate,  insoluble  in  water,  dilute  acids, 
alkalies,  alkaline  sulphides,  sulphate  of  soda,  and  cyanide  of 
potassium,  but  dissolving  in  moderately  concentrated  nitric 
acid,  with  separation  of  sulphur.  It  continually  increases  in 
weight  when  dried  in  the  ordinary  way,  and  is  completely 
reduced  when  fused  with  cyanide  of  potassium. 


§  710.  Preimrations  of  Bismuth  used  in  Medicine  and  the  Arts. 
(1.)  Pharmaceutical  Preparations : — 

Bismuthi  Subnitras  (Subnitrate  of  Bismuth,  BiNO^HgO).  A 
heavy  white  powder  insoluble  in  water,  and  responding  to  the 
usual  tests  for  bismuth  and  nitric  acid.  The  percentage  of  bis- 
muth in  this  preparation  often  varies  within  somewhat  wide 
limits,  for  there  are  at  least  two  nitrates  in  commerce,  the  one 
containing  79-4  per  cent,  of  bismuth  oxide,  the  other  76-48  per 
cent. 

The  principle  impurities  to  be  looked  for  are — ammonia,*  car- 
bonate of  lead,  arsenic,  chlorine,  and  sodium  salts.    The  first  is 

*  Ammonia  is,  perhaps,  formed  in  the  preparation  of  bismuth  as  follows  : — 
2Bi2  +  15N03H=3N034Bi-)-60H2-t-]SrH3-l-N203.  —  W.  G.  Piper,  Pharm. 
Journ.  April  21,  p.  77. 
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easily  detected  by  distilling  with  potash,  and  estimating  the  NH, 
by  titration,  or,  if  in  small  amount,  by  colorimetric  methods - 
carbonate  of  lead,  by  effervescence  with  nitric  and  precipitation 
by  sulphuric  acids;  arsenic,  by  Davy's  test  (seep.  537);  chlorine, 
by  nitrate  of  sdver;  and  sodium  salts,  by  boiling  the  bismuth 
with  water,  filtering,  evaporating  down  to  dryness,  and  examin- 
ing the  residue. 

_  Tellurium  has  recently  been  suspected  in  preparations  of 
bismuth;  the  evidence  on  the  point,  however,  is  not  of  an 
analytical  character,  but  is  based  upon  the  observation  that  some 
persons,  after  taking  certain  bismuth  preparations,  have  suffered 
from  fcEtid  breath.*  Sir  J.  Simpson  records  a  case  in  which  a 
divinity  student  inadvertently  swallowed  a  dose  of  tellurium, 
which  was  followed  by  the  evolution  of  such  a  persistent  odour, 
that  for  the  remainder  of  the  session  the  patient  had  to  sit  apart 
from  his  fellow-students. 

BismtUh  Lozenges,  Trochisci  Bismuthi  Sire  composed  of  subnitrate 
of  bismuth,  carbonate  of  magnesia,  precipitated  carbonate  of  lime, 
sugar,  and  gum,  mixed  with  rose  water.  Each  lozenge  should 
contain  -13  grm.  (2  grains)  of  nitrate  of  bismuth. 

Sohttion  of  Citrate  of  BisimUh  and  Ammonia,  Liquor  biwiuthi 
et  Ammonioi  citraiis,  a  colourless,  neutral,  or  slightly  alkaline 
fluid;  specific  gravity,  1*122;  responding  to  the  tests  for  bismuth 
and  ammonia. 

The  i^robable  impurities  are  the  same  as  those  in  the  sub- 
nitrate,  and  lead  should  specially  be  searched  for,  because  so 
frequently  contained  in  citric  acid. 

Carbonate  of  Bismuth,  Bismuthi  carbonas,  2(Bi20O3)H2O,  a  fine 
Avhite  powder,  answering  to  the  tests  for  bismuth  and  carbonic 
anhydride,  and  likely  to  contain  the  same  impurities  as  the  sub- 
nitrate.    It  ought  to  give  89-1  per  cent,  of  bismuth  oxide. 

The  Valerianate  of  Bisnmth,  Bismuthum  valerianicum,  a  white 
powder,  smelling  strongly  of  valerianic  acid:  if  dissolved  in  nitric 
or  hydrochloric  acids,  with  separation  of  the  valerianic  acid,  100 
parts  must  contain  79  of  oxide  of  bismuth.  The  valerianate  of 
bismuth  is  in  the  German,  but  not  in  the  British  pharmacopoeia. 

(2.)  Bismuth  in  the  Arts.-\ — The  principal  use  of  bismuth  is  in 
alloys  and  solders.  The  chromate  is  employed  in  calico-printing, 
and  the  subnitrate  as  a  paint,  under  the  name  of  pearl-white. 


*  P/iarm. /owrw.  (.3.),  No.  287,  Diet.  21,  76. 

t  According  to  Mr.  Field  (Cliem.  Neios,  vol.  xxxvi.,  p.  2G1),  bismuth  is 
contained  in  all  copper  coinage — from  the  Bactrian  coins  to  our  own; 
generally,  in  all  cupreous  ores  except  the  carbonates ;  and  in  nearly  all 
specimens  of  commercial  copper. 
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The  salts  of  bismuth  also  occur  in  washes  for  the  hair,  and 
pearl-white  is  used  as  a  cosmetic,  but  only  to  a  small  extent 

S  711  Medicinal  Doses  of  Bismuth.— subnitrate  and  car- 
bonate are  prescribed  in  doses  from  -0648  to  1-296  grm.  (1  to  20 
<rrains);  the  valerianate,  from  4296  to  -648  grm.  (2  to  10  grains); 
and  the  solution,  from  1-7  cc.  to  5-2  cc.  {\  drachm  to  1|-  drachm). 

§  712.  Toxic  Effects  of  Subnitrate  of  Bismidh. — The  subnitrate 
of  bismuth  in  a  dose  of  7-7  grms.  (2  drms.)*  has  caused  the  death 
of  an  adult  in  nine  days ;  the  symptoms  were  those  of  a  powerful 
irritant.  There  was  a  metallic  taste  in  the  mouth,  burning  pain 
in  the  throat,  vomiting,  purging,  coldness  of  surface,  and  spasms 
of  the  arms  and  legs.  A  post-mortem  examination  showed  in- 
flammatory changes  in  the  throat,  gullet,  wind-pipe,  and 
throughout  the  intestinal  canal.  In  a  case  mentioned  by  Dr. 
Traill,  a  man  took  three  times  the  above  dose  in  divided  quantities 
and  suftered  from  very  similar  symptoms,  but  recovered. 

§  713.  Extraction  and  Detection  of  Bismvth  in  Animal  Matters. — 
Bismuth  appears  to  be  excreted  principally  by  the  boAvels  as 
sulphide  of  bismuth ;  but  it  has  also  been  detected  in  the  urine, 
spleen,  and  liver;  and  Lubinsky  has  found  it  in  the  saliva 
and  in  the  epithelium  of  the  mouth  of  persons  taking  one  of  its 
preparations.  Without  denying  the  possibility  of  its  existing  in 
a  soluble  state  in  the  saliva,  its  presence  in  the  mouth  may,  under 
such  circumstances,  be  ascribed  to  the  lodgment  of  particles  of 
subnitrate  or  subcarbonate  of  bismuth  in  the  interstices  of  the 
teeth,  &c.  It  will  then  be  eAddent  that,  if  a  person  is  supposed 
to  have  been  poisoned  by  a  large  dose  of  bismuth,  and  the  analyst 
fail  to  find  it  in  the  stomach,  the  contents  of  the  bowels  should 
be  next  examined. 

The  extraction  of  bismuth  must  be  undertaken  by  nitric  acid, 
and  boiling  for  at  least  two  hours  may  be  necessary  to  dissolve 
it  out  from  the  tissues.  Such  organs  as  the  liver  and  spleen  are 
boiled  in  a  finely  divided  state  with  a  litre  of  dilute  nitric  acid 
(strength,  5  per  cent.),  for  the  time  mentioned,  filtered,  and  the 
filtrate  evaporated  to  dryness;  the  remainder  is  then  carbonised 
by  strong  nitric  acid ;  and,  finally,  the  charcoal  is  boiled  with 
equal  parts  of  nitric  acid  and  water,  and  the  whole  evaporated 
to  dryness.  By  this  method  every  trace  of  bismuth  is  extracted. 
The  dry  residue  may  now  be  brought  into  solution,  and  tested 
for  bismuth.  The  best  solvent  for  the  nitrate  of  bismuth  is 
dilute  nitric  acid  50  per  cent. ;  the  dry  residue  is  therefore  dis- 
solved in  100  or  200  cc.  of  the  acid,  and  fractional  parts  taken 
for  examination : — 


*  Taylor  quoting  from  Sobernheim,  p.  335. 
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(1.)  The  solution,  poured  into  a  large  volume  of  warm  distilled 
water,  gives  a  crystalline  precipitate  of  subnitrate  of  bismuth. 
The  only  metal  giving  a  similar  reaction  is  antimony,  and  this 
is  excluded  by  the  method  employed. 

(2.)  The  filtered  fluid  gives  on  addition  of  sodic  chloride  a 
precipitate  of  oxychloride.  This,  again,  is  distinguished  from 
oxychloride  of  antimony  by  its  insolubility  in  tartaric  acid. 

(3.)  Any  bismuth  precipitate,  fused  with  soda  on  charcoal, 
gives  a  brittle  bead  of  bismuth;  the  coal  is  coated  whilst  warm 
a  dark  orange-yellow,  on  cooling  citron-yellow. 

(4.)  The  bead  may  be  identified  by  powdering  it,  placing  it  in 
a  short  subliming  tube,  and  passing  over  it  dry  chlorine.  The 
powder  first  turns  black,  then  melts  to  an  amber-yellow  fluid, 
and  finally,  by  prolonged  heating,  sublimes  as  terchloride  of 
bismuth. 

(5.)  A  very  delicate  test  proposed  by  Abel  and  Field,  in  1862,* 
specially  for  the  detection  of  bismuth  in  copper  (but  by  no 
means  confined  to  mineral  analysis),  utilises  the  fact  that,  if 
iodide  of  lead  be  precipitated  from  a  fluid  containing  the  least 
trace  of  bismuth,  instead  of  the  yellow  iodide  the  scales  assume  a 
dark  orange  to  a  crimson  tint.  A  solution  of  nitrate  of  lead  is  used ; 
to  the  nitric  acid  solution  ammonia  and  carbonate  of  ammonia 
added ;  the  precipitate  washed,  and  dissolved  in  acetic  acid ;  and, 
finally,  excess  of  iodide  of  potassium  added.  It  is  said  that  thus 
so  small  a  quantity  as  -00025  grm.  may  be  detected  in  copper 
with  the  greatest  ease,  the  iodide  of  lead  becoming  dark  orange; 
•001  grain  imparts  a  reddish-brown  tinge,  and  -01  grain  a  crimson. 

(6.)  Van  Kobell's  test,  as  modified  by  Hutchings,t  and  pro- 
posed more  especially  for  the  detection  of  bismuth  in  minerals, 
is  capable  of  being  applied  to  any  solid  compound  suspected  of 
containing  the  metal : — A  mixture  of  precipitated  and  purified 
cuprous  iodide,  with  an  equal  volume  of  flowers  of  sulphur,  is 
prepared,  and  2  parts  of  this  mixture  are  made  into  a  paste  with 
1  part  of  the  substance,  and  heated  on  a  slip  of  charcoal  on  an 
aluminium  support  by  the  blowpipe  flame.  If  bismuth  be 
present,  the  red  bismuth  iodide  will  sublime,  and  on  clean 
aluminium  is  easily  distinguishable. 

There  are  many  other  tests,  but  the  above  are  more  than 
sufficient. 

§  714.  Estimation  of  Bismuth. — The  estimation  of  bismuth, 
when  in  any  quantity  easily  weighed,  is,  perhaps,  best  accom- 
plished by  fusing  the  sulphide,  oxide,  or  other  compound  of 

*  Journ.  Chem.  Soc,  1862,  vol.  xiv.,  p.  290;  C/tem.  News,  vol.  xxxvi., 
p.  261. 

t  Ghem.  News,  vol.  xxxvi.,  p.  249. 
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bismuth,  in  a  porcelain  crucible  with  cyanide  of  potassium;  the 
bismuth  is  reduced  to  the  metallic  state,  the  cyanide  can  be 
dissolved  out,  and  the  metallic  powder  washed  (first  with  water, 
lastly  with  spirit),  dried,  and  weighed. 

Mr.  Pattison  Muir  has  shown*  that  bismuth  may  be  separated 
from  iron,  aluminium,  chromium,  and  manganese,  by  adding  am- 
monia to  the  acid  solutions  of  these  metals. 

This  observation  admits  of  many  applications,  and  may  be 
usefully  taken  advantage  of  in  the  separation  of  bismuth  from 
the  nitric  acid  solution  of  such  animal  matters  as  liver,  &c.  The 
acid  liquid  is  partially  neutralised  by  ammonia,  and,  on  diluting 
with  warm  Avater  containing  a  little  sodium  or  ammonium 
chloride,  the  whole  of  the  bismuth  is  precipitated  as  oxychloride, 
which  may  be  collected,  and  fused  with  cyanide  of  potassium,  as 
above. 

If  the  bismuth  precipitate  is  in  small  quantity,  orj  if  a  num- 
ber of  estimations  of  bismuth  are  to  be  made,  it  is  most  convenient 
to  use  a  volumetric  process.  In  the  case  first  mentioned,  the 
oxychloride  could  be  dissolved  in  nitric  acid,  sodium  acetate 
added  in  excess,  and  sufiicient  acetic  acid  to  dissolve  any  pre- 
cipitate which  has  been  produced,  and  then  titrated  by  the 
following  method,  which  we  also  owe  to  Mr.  Pattison  Muir: — 

Estimation  of  Bismuth  by  Potassium  Dichromate.i — A  solution 
of  recrystallised  potassium  dichromate  (strength,  1  per  cent.)  is 
prepared.  A  known  weight  of  pure  bismuthous  oxide  (BigOg)  is  dis- 
solved in  excess  of  nitric  acid,  and  a  solution  of  sodium  acetate 
is  added  to  this  liquid  until  a  copious  white  precipitate  is  thrown 
down ;  acetic  acid  is  then  added  in  quantity  sufficient  to  dissolve 
the  precipitate  completely,  and  to  insure  that,  when  the  liqiiid  is 
made  up  with  water  to  a  fixed  volume,  no  precipitate  shall  be 
formed.  A  certain  volume  of  this  liquid  is  withdrawn  by  means 
of  a  pipette,  placed  in  a  beaker,  and  heated  to  boiling ;  the  potas- 
sium dichromate  is  then  gradually  run  in  from  a  burette,  the 
liquid  being  boiled  between  each  addition  of  the  solution,  until 
a  drop  of  the  supernatant  liquid  gives  a  faint  reddish-larown 
coloration  when  spotted  with  silver  nitrate  on  a  white  slab. 

Another  very  generally  applicable  volumetric  method  for 
bismuth  has  been  proposed  by  Mr.  Muir.  J  This  depends  on  the 
fact  (observed  by  Sonchay  and  Leussen),§  that  normal  bismuth 
oxalate  splits  up  on  boiling  into  a  basic  oxalate  of  the  composi- 
tion Bi20320203  +  OH2,  but  slightly  soluble  in  nitric  acid.  The 

*  Pattison  Muir  on  "  Certain  Bismuth  Compounds. "—/owm  Chem.  Soc. 
p.  7,  1876.  ' 
t  Hid.,  vol.  i.,  p.  659,  1879.  t  Ibid.,  1877. 

§  Ann.  Chem.  P/iarm.,  vol.  cv.,  p.  245. 
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process  is  performed  by  precipitating  the  bismuth  by  excess  of 
oxalic  acid,  dissolving  the  precipitate  (first  purified  from  free 
oxalic  acid)  in  dilute  hydrochloric  acid,  and  lastly,  titrating  by 
permanganate.  The  absence  of  free  hydrochloric  acid  before 
precipitating  must  be  insured. 


4.  SILVER. 

§715.  Silver  -  108;  specific  gravity,  10-5;  fusing  point, 
1023°  (1873°F.).  Silver,  as  separated  in  analysis,  is  either  a 
very  white,  glittering,  metallic  bead,  or  a  dull  grey  powder.  It 
does  not  lose  weight  on  ignition,  and  is  soluble  in  dilute  nitric 
acid. 

§  716.  Chloride  of  Silver,  AgCl  =  143-5;  specific  gravity,  5-552; 
Ag  75-27  per  cent.,  01  24-73  per  cent.,  is  a  dense,  white,  curdy 
precipitate,  when  produced  in  the  wet  way.  It  is  very  insoluble 
in  water,  dilute  nitric  acid,  and  dilute  sulphuric  acid ;  in  many 
warm  solutions  (especially  aqueous  solutions  of  the  chlorides 
generally),  the  alkaline  and  alkaline-earthy  nitrates,  and  tartaric 
acid  solutions,  the  silver  is  dissolved  to  an  appreciable  extent, 
but  deposited  again  on  diluting  and  cooling.  The  complete 
solvents  of  chloride  of  silver  are— ammonia,  cyanide  of  potassium, 
and  hyposulphite  of  soda.  Chloride  of  silver  cannot  be  fused  at 
a  high  heat  without  some  slight  loss  by  volatilisation;  on  coal  in 
the  b.F.,  it  fuses  very  easily  to  a  globule.  It  can  with  soda  be 
reduced  to  metal,  and  can  also  readily  be  reduced  by  ignition  in 
a  current  of  hydrogen,  carbon  oxide,  or  carburetted  hydrogen 

^  §717.  SidjMde  of  Silver,  Ag,S  =  248;  specific  gravity,  7-2; 
Ao-  87-1  per  cent.,  S  12-9  per  cent.:  when  prepared  in  the  wet 
way,  is  a  black  precipitate,  insoluble  in  water,  dilute  acids,  and 
alkaline  sulphides.  If  ignited  in  hydrogen  it  may  be  reduced  to 
the  metallic  state;  it  is  soluble  in  nitric  acid,  with  separation  ot 
sulphur. 

§  718.  Preparations  of  Silver  used  in  Medicine  and  the  Arts. 

(I.)  Medicinal  Preparations :—  .    -kt  ^  oa  An  r. 

Nitrate  of  Silver,  AgNOg;  Ag  63-51  per  cent.,  N  A  36-49  per 
cent  This  salt  is  either  sold  crystallised  m  colourless  rhombic 
prisms,  or  in  the  form  of  small  white  pencils  or  sticks.  "  g^^^s 
the  reactions  for  silver  and  nitric  acid,  and  stains  the  sk"^  l^^^^^' 
100  parts,  dissolved  in  distilled  water,  should  S^^' T^*^' ^{fj°- 
chloric  acid,  a  precipitate  which,  when  washed  and  dried,  weighs 
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83-4  parts.  The  silver  is,  however,  far  more  quickly  estimated  by 
the  blowpipe  than  in  the  wet  way.  One  grm.  fused  in  a  cavity 
on  charcoal  should  give  a  little  globule  of  metallic  silver,  weighing 
about  -6351  grm.  The  chief  adulterations  of  this  substance  are 
copper,  lead,  and  nitrate  of  potash.  If  all  the  silver  is  precipi- 
tated by  hydrochloric  acid,  carefully  filtered  off,  and  the  filtrate 
evaporated  to  dryness,  any  residue  will  denote  adulteration  or 
impurity. 

Argenti  Oxidicm,  Oxide  of  Silver,  Ag20  =  232;  Ag  93"19  per 
cent.  A  dark  olive-brown  powder,  soluble  in  ammonia  and 
nitric  acid.  By  ignition  it  readily  yields  metallic  silver.  The 
P.B.  directs  that  29  grains  of  the  oxide  should  yield  27  of  metallic 
silver. 

Nitrate  of  Silver  and  Potash,  Argentum  nitricum  cum  kali 
nitrico  (AgN'Og  +  KNOg). — This  preparation  is  contained  in  the 
German,  Austrian,  and  ISTorwegian  pharmacopoeias.  It  is  directed 
that  100  parts  of  the  German  and  Austrian  preparation  should, 
on  analysis,  yield  not  less  than  27  parts  of  chloride  of  silver 
(20-3  Ag),  and  the  IsTorwegian  less  than  42-058  parts  of  chloride 
of  silver  (31-64  Ag);  the  first  being  prepared  in  the  proportion 
of  1  of  silver  nitrate  to  2  of  potassic  nitrate,  whilst  in  the 
I^orwegian  equal  parts  are  used. 

(2.)  Silver  in  the  Arts. — The  uses  of  the  metal  in  coinage, 
articles  for  domestic  purposes,  for  ornament,  &c.,  are  too  well 
known  to  require  enumeration.  The  only  forms  in  which  silver 
is  likely  to  give  rise  to  accident  are  the  salts  used  in  medicine, 
photography,  in  the  dyeing  of  hair,  and  in  the  manufacture  of 
marking  inks. 

Hair-dyes. — About  one-half  of  the  hair-dyes  in  use  are  made 
with  nitrate  of  silver.  The  following  are  only  a  few  of  the 
recipes  : — 

Aqua  Orientalis.— Grain  silver  2  drms.,  nitric  acid  1  oz.,  steel 
filings  4  drms.,  distilled  water  1|  oz.— the  whole  finally  made  up 
to  31  fluid  ozs.,  and  filtered. 

Argentan  Tincture.— mtra.te  of  silver  1  drachm,  rose  water  1 
fluid  oz.,  sufficient  nitrate  of  copper  to  impart  a  greenish  tint. 

Eau  dAfrique.— Two  solutions— one  of  nitrate  of  silver,  the 
other  of  potash,  containing  ammonium  sulphide. 

The  photographer  uses  various  salts  of  silver,  the  chief  of  which 
are— the  nitrate,  iodide,  bromide,  cyanide,  and  chloride  of  silver 

Marking  Inks.— Some  of  the  more  important  recipes  for 
marking  ink  are  as  follows : — 

Nitrate  of  silver  1-0  part,  hot  distilled  water  3-6  parts,  muci- 
lage, previously  rubbed  with  sap-green,  1-0  part.  With  this  is 
sold  a  "pounce,"  or  preparation  consisting  of  a  coloured  solution 
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of  sodic  carbonate.  Another  preparation  is  very  similar,  but 
with  the  addition  of  ammonia  and  some  colouring-matter,  such 
as  indigo,  syrup  of  buckthorn,  or  sap-green.  A  third  is  made 
with  tartaric  acid  and  nitrate  of  silver,  dissolved  in  ammonia 
solution,  and  coloured. 

Redwood's  consists  of  equal  parts  of  nitrate  of  silver  and  potassic- 
bitartrate,  dissolved  in  ammonia,  with  the  addition  of  archil  green 
and  sugar;  according  to  the  formula,  100  parts  should  equal  16-& 
of  silver  nitrate. 

Sonbeiran's  Ink  is  composed  of  cupric  nitrate  3,  argentic  nitrate 
8,  sodic  carbonate  4,  and  the  whole  made  up  to  100  parts,  in  solu- 
tion of  ammonia.  In  one  of  Mr.  Reade's  inks,  besides  silver,  an 
ammoniacal  solution  of  a  salt  of  gold  is  used. 

§  719.  Medicinal  Dose  of  Silver  Com2mi.nds.—The  nitrate  and  the 
oxide  of  silver  are  given  in  doses  from  -0162  to  -1296  grm.  gram 
to  2  grains).  Anything  like  -1944  to  -2592  grm.  (3  or  4  grams) 
would  be  considered  a  large,  if  not  a  dangerous  dose ;  but  nothing 
definite  is  known  as  to  what  would  be  a  jJoisonous  dose. 

8  720.  IJffects  of  Nitrate  of  Silver  on  Animals.— Nitra-te  of  silver 
is  changed  into  chloride  by  the  animal  fluids,  and  also  forms  a 
compound  with  albumen.  Silver  chloride  and  silver  albumenate 
are  both  somewhat  soluble  in  solutions  containing  chlorides  ot 
the  alkalies,  which  explains  how  a  metallic  salt,  so  very  insoluble 
in  water,  can  be  absorbed  by  the  blood.  ,  ,  , 

The  action  of  soluble  salts  of  silver  on  animals  has  been  several 
times  investigated.  There  appears  to  be  some  difterence  between 
its  effects  on  warm  and  cold-blooded  animals.  In  frogs  there  is 
quickly  an  exaltation  of  the  functions  of  the  spinal  cord,  tetanic 
Convulsions  appear,  similar  to  those  induced  by  strychnine;  later^ 
there  is  disturbance  of  the  respiration  and  cessation  of  voluntaiy 
motion. 


^The 'first  symptoms  with  dogs  and  cats  are  vomiting  and 
uiarrhcBa;   muscular   weakness,  V^r^^Jf^^^^''^'^^^^^^^ 
respiration,  and  weak  clonic  convulsions  follow     Jouget  as  well 
as  S  considers  that  the  action  of  silver  is  directed  to  the 
central  nervous  system;   there  is  first  excitement,  and  then 
Snow    paralysis  o^f  the 'centres  of  respiration  and  movement^ 
Death   Lnrl  through   central   asphyxia.  _ 
researches  of  F.  A.  Falck,  subcutaneous  i^jectKm^  of  sih  e^ 
nitrate  into  rabbits  cause  a  fall  of  temperature  of  6  /  t°  1  /  ' 
last  being  the  greatest  fall  which,  m  his  numerous  researches  on 
the  efi-ect  of  poisons  on  temperature,  he  has  .  ^.^^^giowsky 

Chronic  poisoning,  according  to  f^l^^f'^'^l^^''^^^^^^^ 
on  animals;  produces  emaciation,  fatty  Regeneration  o  the  live 
Sdneys,  and  also  of  the  muscles-a  statement  confirmed  by  others. 
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§  721.  Toxic  Effects  of  Silver  Nitrate  in  Man — (1.)  Acute 
Poisoning. — This  is  very  rare.    Orfila  relates  an  attempt  at 
suicide;  but  most  of  the  cases  have  been  accidental,  and  of  these, 
in  recent  times,  about  five  are  recorded,  mostly  children.  The 
accident  is  usually  due  to  the  application  of  the  solid  nitrate  to 
the  throat,  as  an  escharotic,  the  stick  breaking  or  becoming 
detached,  and  being  immediately  swallowed;  such  an  accident  is 
related  by  Scattergood.*    A  piece  of  silver  nitrate,  |  inch  long, 
slipped  down  the  throat  of  a  child,  aged  fifteen  months — vomiting 
immediately  occurred,  followed  by  convulsions  and  diarrhcea; 
chloride  of  sodium  was  administered,  but  the  child  died  in  six 
hours.    In  other  cases  paralysis  and  an  unconscious  state  has 
been  observed. 

(2.)  Chronic  Poisoning. — Salts  of  silver  taken  for  a  long  period 
cause  a  peculiar  colour  of  the  skin,  the  body  becomes  of  a  greyish 
blue  to  black  colour,  it  begins  first  around  the  nails  and  fingers, 
■then  patches  of  a  similar  hue  appear  in  difierent  parts  of  the 
body,  and  gradually  coalesce,  being  most  marked  in  those  parts 
exposed  to  the  light.    The  colour  is  not  confined  to  the  outer 
skin,  but  is  also  seen  in  the  mucous  membranes.    There  is  also  a 
slight  inflammation  of  the  gums,  and  a  violet  line  around  their 
edge.   Ginpon  observed  this  line  after  two  months'  treatment  of  a 
patient   by  silver  nitrate;   the  whole  quantity  taken  being 
3-9  grms.  (about  60  grains).    The  peculiar  colour  of  the  skin  is 
only  seen  after  large  doses;  after  8  grms.  taken  in  divided  doses 
ChaiUon  could  not  observe  any  change,  but  after  15  grms.  had 
been  taken  it  was  evident.   So  also  Riemer  has  recorded  a  case,  in 
which,  after  a  year's  use  of  silver  nitrate  (total  quantity  17-4  grms.) 
a  greyish-black  colour  of  the  face  was  produced,  and,  when  nearly 
double  the  quantity  had  been  taken,  the  colour  had  invaded  the 
whole  body. 

§  722.  Post-mortem  Appearances.~ln  the  acute  case  recorded  by 
Scattergood,  the  mucous  membranes  of  the  gullet,  of  the  ^reat 
curvature  of  the  stomach,  and  parts  of  the  duodenum  and  ieiunuin 
were  eroded,  and  particles  of  curd-like  silver  chloride  adhered  to 
the  mucous  membrane. 

In  the  case  recorded  by  Eiemer  of  the  long-continued  use  of 
silver  nitrate,  the  serous  and  mucous  membranes  were  coloured 
dark;  the  choroid  plexus  was  of  a  blue  black;  the  endocardium, 
the  valves  of  the  heart,  and  the  aorta  pale  to  dark  grey,  as  wel 
as  the  rest  of  the  vessels;  the  colouring  was  confined  to  the  intima 
I  he  hver  and  kidney  also  showed  similar  pigmentation.  The  pi^: 
ment  (probably  metallic  silver)  was  in  the  fo?m  of  very  fine  graSs, 

*  Brit.  Med.  Journal,  May,  1871. 
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and ,  as  regards  the  skin,  was  situate  under  the  Rete  malpighia  in  the 
upper  layer  of  the  cerium,  and  also  in  the  deeper  connective 
tissue  and  in  the  sweat  glands.  Liouville  has  also  found  the 
kidneys  of  a  woman  similarly  pigmented,  who  took  silver  nitrate 
daily  for  270  days,  in  all  about  7  grms.,  five  years  before  her 

death.  . 

§  723.  Detection  cmd  Estimation  of  Silver.— The  examination  ot 
the  solid  salts  of  silver  usually  met  with  (viz.,  the  nitrate, 
bromide,  iodide,  cyanide  and  chloride)  is  most  speedy  by  the  dry 
method  on  charcoal;  in  this  way  in  less  than  120  seconds  any 
practical  chemist  could  identify  each  compound.  The  nitrate 
bromide,  iodide,  and  cyanide,  all,  if  ignited  on  charcoal,  yield 
buttons  of  metallic  silver— deflagration,  bromine  vapours,  lodme 
vapours,  and  cyanogen  vapours,  being  the  respective  phenomena 
observed.  Chloride  of  silver  fuses  to  a  pearl-grey,  brown,  or 
black  globule  on  charcoal,  according  to  its  purity;  but  is  only  m 
the  KF.  gradually  reduced  to  metal.  With  soda,  or  fused  m 
hvdrogen  or  coal  gas,  the  reduction  is  rapid  enough. 

mtrate  of  Silver  in  solution  might  be  identified  by  a  very  large 
number  of  tests,  since  it  forms  so  many  insoluble  salts  in 
practice  one  is,  however,  satisfied  with  three  tests-vi^-  1)  A 
Cdy  precipitate  of  chloride,  on  the  addition  of  hydrochloric 
acid  or  alkaline  chlorides,  soluble  only  in  ammonia  cyanide  of 
rtaslm,  or  hyposulphite  of  soda;  (2)  a  yellow  precipitate,  but 
Sle  soluble  in'Lmonia,  on  the  addition  «  .-^^^e  o  potassiu^^^ 
and  (3)  a  blood-red  precipitate  on  the  addition  of  chiomate  ot 

^°The'separation  of  silver  from  the  contents  of  the  stomach  is 
best  ensnared  by  treating  it  with  cyanide  of  potassium ;  or  unles 
a  verv  lar-e  quantity  of  silver  nitrate  has  been  taken  it  is  tolei 
:w;Lra^tlattheVholeof  it  has  passed  intocU 
therefore  not  be  attacked  easily  by  acids.    The  contents  of  .the 
Tor:Xtien,  or  the  tissues  themselves  are  Pla-d  in^^^^^^^^^ 
warmed  for  some  time  with  cyanide  of  potassium,  £  f '^f^  f 

flLirS  uLn  decomposed  by  ^^^^^''-^'^^''.^fZS'S^e  III 
flask 'containing  this  fluid  is  put  on  ona^^^^^^ 

Sle^^SSfin^n^ 

acid.  The  silver  i^-o^i^P^'^V  tWM  of  a  "ash-bottle 
water,  then  with  sulphuric  «='*■,,  7  '™  '"."^^  filter,  again 
the  particles  of  silver  are  now  collected  on  a  small  ni 
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washed,  and  on  the  moist  mass  a  crystal  of  nitrate  of  potash  and 
a  little  carbonate  of  soda  laid.  The  whole  is  then  dried,  and  all 
the  filter  cut  away,  save  the  small  portion  containing  the  silver. 
This  small  portion  is  now  heated  on  charcoal  imtil  a  little  button 
of  pure  silver  is  obtained,  which  may  first  be  weighed,  then  dis- 
solved in  nitric  acid,  and  tested  by  the  methods  detailed. 

In  a  similar  way  hair,  suspected  of  being  dyed  with  silver,  can 
be  treated  with  chlorine  gas,  and  the  chloride  dissolved  in 
potassic  cyanide. 

Spots  on  linen,  and,  generally,  very  small  quantities  of  silver 
may  be  detected  by  a  simple  galvanic  process  : — The  substance  is 
treated  with  solution  of  cyanide  of  potassium,  and  submitted  to  a 
weak  galvanic  current,  using  for  the  negative  plate  a  slip  of 
copper,  for  the  positive,  platinum;  the  silver  is  deposited  on  the 
former. 

5.  MERCURY. 

§  724.  Mercury — Hg-200;  specific  gravity,  13-596;  boiling 
point,  350°  (662°r.).  This  well-known  and  familiar  fluid  metal 
evaporates  and  sublimes  to  a  minute  extent  at  all  temperatures 
above  6°. 

When  precipitated  or  deposited  in.  a  finely  divided  state,  the 
metal  can  be  united  into  a  single  globule  only  if  it  is  fairly  pure ; 
very  slight  fatty  impurities  especially  will  prevent  the  union.  It 
is  insoluble  in  hydrochloric  acid,  soluble  to  a  slight  extent  in  dilute 
cold  sulphuric  acid,  and  completely  soluble  in  concentrated  sul- 
phuric and  in  nitric  acids.  It  combines  directly  with  chlorine, 
bromine,  and  iodine,  which  in  presence  of  free  alkali  readily 
dissolve  it.  It  is  unalterable  at  100°,  and,  when  exposed  to  a 
high  temperature,  sublimes  unchanged. 

Mercurous  Chloride  (Calomel  IIg01  =  235-5;  specific  gravity, 
7-178;  subliming  temperature,  111-6°;  Hg  84-94  per  cent.;  01 
15-06  per  cent.),  when  prepared  in  the  wet  way  is  a  heavy  white 
powder,  absolutely  insoluble  in  cold,  but  decomposed  by  boiling 
water.  It  may  be  converted  into  the  mercuric  chloride  by 
chlorine  water  and  aqua  regia.  Chloride  of  ammonium,  potassium, 
and  sodium,  all  decompose  calomel  into  metallic  mercury  and 
mercuric  chloride.  It  is  easily  reduced  to  metal  in  a  tube  with 
soda,  potash,  or  burnt  magnesia. 

§  725.  SulfUde  of  Mercury  (^g^,  Hg  86-21  per  cent.,  S.  13-79 
per  cent.)  is  a  black  powder,  dissolving  in  nitromuriatic  acid,  but 
very  insoluble  in  other  acids  or  in  water.  It  is  also  insoluble  ' 
in  alkaline  sulphides,  with  the  exception  of  potassic  sulphide. 

§  726.  Medicinal  Preparations  of  Mercury. — Mercury  in  the'' 
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liquid  state  has  been  occasionally  administered  in  constipation; 
its  internal  use  is  now  (or  ought  to  be)  obsolete.  Gmelin  has 
found  samples  contaminated  with  metallic  bismuth — a  metal 
which  only  slightly  diminishes  the  fluidity  of  mercury;  the 
impurity  may  be  detected  bj  shaking  the  mercury  in  air,  and 
thus  oxidising  the  bismuth.  Mercury  may  also  contain  various 
mechanical  impurities,  which  are  detected  by  forcing  the  metal 
by  means  of  a  vacuum  pump  through  any  dense  filtering 
substance.  Tin  and  zinc  may  be  dissolved  out  by  hydrochloric 
acid,  and  all  fixed  impurities  (such  as  lead  and  bismuth)  are  at 
once  discovered  on  subliming  the  metal. 

Mercury  and  Chalk  {Hydrargyrum  cum  creta). — Mercury, 
33"33  per  cent.;  chalk,  66'67. 

Blue  Fill  {Pilula  hydrargyri). — Mercury  in  a  finely  divided 
state,  mixed  with  confection  of  roses  and  liquorice  root;  the 
mercury  should  be  in  the  proportion  of  33-33  per  cent.* 

Mercury  Plaster  {Emplastrum  hydrargyri). — Made  with  mer- 
cury, olive  oil,  sulphur,  and  lead  plaster;  it  should  contain  Hg 
33  per  cent.;  sulphur,  18  per  cent. 

Ammoniac  and  Mercury  Plaster  {Emplastrum  ammoniaci  cum 
hydrargyro). — Gum,  ammonia,  mercury,  olive  oil,  and  sulphur; 
it  should  contain  19-8  per  cent,  of  Hg,  and  -1  per  cent,  of 
sulphur. 


*  The  chemical  composition  of  bUie  pill  varies  according  to  its  age. 
Harold  Senier  has  made  a  careful  series  of  analyses,  with  the  following 
result  (Pharm.  Journal,  Feb.  5,  1876) : — 


Age. 

Metallic 
Mercui'y. 

Mercnrio 
Oxide. 

Merourous 
Oxide. 

Ash. 

Organic 
Matter 

1 

18  hours, 

32-49 

none. 

a  trace. 

120 

66-31 

2 

3  weeks, 

32-26 

•09 

•25 

1-20 

66  ^20 

3 

3  months, 

32-60 

-24 

•62 

1-18 

66-36 

4 

3 

5>  ' 

31-15 

•44 

1-60 

1-12 

65-69 

5 

6 

)  > 

32-44 

-50 

•80 

1-70 

64-56 

6 

14 

)  ) 

29-86 

•98 

2-60 

1-20 

65-36 

7 

19 

>)  • 

31-59 

•50 

2-50 

1-00 

64-41 

8 

2  years, 

28-40 

1-80 

4-22 

2-10 

63  48 

9 

(?)      .  . 

30-23 

106 

3-24 

1-05 

64-44 
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Mercurial  Ointment,  Unguentum  hydrargyri. — Mercury  mixed 
with  lead  and  suet,  all  three  in  equal  weights;  therefore  it 
should  contain  33-3  per  cent,  of  mercury. 

Compound  Mercury  Ointment,  Unguentum  hydrargyri  com- 
positum. — Made  with  ointment  of  mercury,  yellow  wax,  olive 
oil,  and  camphor;  it  should  contain  14-3  per  cent.  Hg,  and 
11-11  per  cent,  of  camphor. 

Liniment  of  Mercury,  Linimentum  hydrargyri,  is  made  of  mer- 
curial ointment,  solution  of  ammonia,  and  liniment  of  camphor; 
it  may  contain  about  10  per  cent,  of  mercury. 

Mercurial  Suppositories,  Suppositoria  hydrargyri,  composed  of 
ointment  of  mercury,  benzoated  lard,  white  wax,  and  oil  of 
theobroma.  It  should  contain  about  11-11  per  cent,  of  Hg,  and 
each  suppository  should  weigh  15  grains. 

Acetate  of  Mercury,  Mercurous  acetate,  is  not  contained  in  the 
B.P.,  but  is  officinal  on  the  Continent.  It  is  a  salt  occurring 
in  white  micaceous  scales,  soluble  in  133  parts  of  cold  water, 
giving  the  reactions  of  acetic  acid  and  mercury,  and  very  readily 
decomposed. 

Mercuric  Ethyl  Chloride,  Hydrargyrum  oithylo-chloratum,  is  used 
as  a  medicine  on  the  Continent.  It  occurs  in  white,  glittering, 
crystalline  scales,  which  take  on  pressure  a  metallic  appearance, 
and  possess  a  peculiar  ethereal  odour;  it  is  but  little  soluble  in 
water  and  ether,  with  difficulty  in  cold  alcohol,  but  copiously 
soluble  on  boiling,  and  depositing  crystals  on  cooHng.  It  sub- 
limes at  about  40°  without  residue ;  on  quick  heating  it  burns 
with  a  weak  flame,  developing  a  vapour  of  metallic  taste  and 
unpleasant  odour.  It  gives  no  precipitate  with  silver  nitrate, 
nor  with  albumen. 

Corrosive  Sublimate,  Mercuric  chloride,  IIgCl2  =  271;  Hg  73-8 
per  cent.,  CI  26-1  per  cent.  In  commerce  this  salt  occurs  in 
transparent,  heavy,  colourless  masses,  which  have  a  crystalline 
fracture;  if  placed  in  the  subliming  cell  described  at  p.  242,  it 
sublimes  at  about  82-2°  (180°F.),  and  melts  at  higher  tempera- 
tures. The  sublimate  is  generally  in  groups  of  plates  drawn  to 
a  point  at  both  ends,  in  crystalline  needles,  or  in  octahedra  with 
a  rectangular  base.  It  dissolves  in  16  parts  of  cold  water  and 
about  3  of  boiling,  and  is  very  soluble  in  solutions  of  the 
alkaline  chlorides;  it  dissolves  also  in  ether,  and  can  be,  to  a 
great  extent,  withdrawn  from  aqueous  solutions  by  this  agent. 
Alcohol  dissolves  nearly  one-third  its  weight  of  the  salt,  and  its 
own  weight  when  boiling.  It  combines  with  albumen;  gives 
when  in  solution,  a  precipitate  of  mercuric  oxide,  when  tested  with 
solution  of  potash;  a  white  precipitate  with  ammonia;  a  scarlet 
with  iodide  of  potassium;  and  a  black  precipitate  of  finely  divided 
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mercury  with  protochloride  of  tin.  If  a  crystal  (when  placed 
in  the  subliming  cell)  gives  a  crystalline  sublimate  at  about  the 
temperature  mentioned,  and  this  sublimate  becomes  of  a  red 
colour  when  treated  with  a  droplet  of  iodide  of  potassium,  it  can 
be  no  other  substance  than  corrosive  sublimate. 

Solution  of  Perchloride  of  Mercury,  Liquor  hydrargyri  fcr- 
chloridi,  is  simply  10  grains  of  perchloride  of  mercury  and 
chloride  of  ammonium  in  a  pint  of  water;  100  cc.  therefore 
should  contain  -114  grm.  corrosive  sublimate. 

Yellow  Murcurial  Lotion,  Lotio  hydrargyri  flava. — Perchloride 
of  mercury  18  grains,  mixed  with  1  ounce  of  solution  of  lime. 

Caloviel,*  Hydrargyri  suhchloridum.  —  The  properties  of 
calomel  have  been  already  described.  It  sometimes  contains  as 
an  impurity  corrosive  sublimate,  which  may  be  dissolved  out  by 
ether.  Carbonate  of  lead,  sulphate,  and  carbonate  of  baryta, 
gum,  and  starch,  are  the  usual  adulterants  mentioned.  If  on 
the  application  of  heat  calomel  entirely  sublimes,  it  must  be  free 
from  the  substances  enumerated. 

Black  Mercurial  Lotion,  Lotio  hydrargyri  nigra. — Calomel  30 
grains,  mixed  with  10  fluid  ounces  of  lime-water. 

Compound  Pill  of  Stihchloride  of  Mercury. — Calomel  and  sul- 
phurated antimony,  each  1  ounce,  guiac  resin  2  ounces,  castor- 
oil  1  fluid  ounce.  1  grain  (-0648  grm.)  of  calomel,  and  the 
same  quantity  of  antimony  sulphide,  are  contained  in  every  5 
wrains  (-324  grm.)  of  the  pill  mass — i.e.,  calomel  20  per  cent. 
'°  Ointment  of  Suhchloride  of  Mercury,  Unguentum  hydrargyri  suh- 
chloridi. — Calomel  mixed  with  lard;  strength  about  14-2  per  cent. 

White  Preci2ntate,  Hydrargyrum  ammoniatum,  NHgHgCL- — A 
•white,  heavy  powder,  subliming  by  heat  without  residue,  and 
insoluble  in  water,  alcohol,  and  ether.  With  soda,  it  yields  a 
metallic  sublimate.  When  boiled  with  potash,  ammonia  is  evolved, 
the  yellow  oxide  of  mercury  formed,  and  chloride  of  potassium 
passes  into  sokition.   It  should  contain  79-5  per  cent,  of  mercury. 

The  fusible  white  precipitate  of  the  pharmacopoeia  of  the 
Netherlands  does  not  appear  to  be  of  constant  composition, 
varying  between  69-4  to  65-6  per  cent,  of  mercury.f  It  melts 
on  heating,  and  leaves  as  a  residue  chloride  of  sodium. 

Commercial  white  precipitate  is  frequently  adulterated;  Barnes 
has  found  carbonates  of  lead  and  lime,  the  latter  to  the  extent  of 
nearly  2  per  cent.J    Calomel,  according  to  Nickles,§  has  been 

*  It  would  appear  that  in  America  a  cosmetic  is  in  use,  consisting  of  caloniel 
mixed  into  .a  paste  with  water.-Firfe  "  A  Dangerous  Cosmetic,  by  G.  H. 
Piesse.    Analyst  [25],  1878,  p.  241. 

t  Hirsch,  "Die  Friifung  der  Arzcneimittel. 

X  Proceed.  Brit.  Pharm.  Conf.,  1SG7,  p.  10. 

IJourn.  Pharm.  et  Chim.,  le  Sdrie,  1858,  vol.  vuj.,  p.  399. 
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substituted  for  white  precipitate,  but  this  was  several  years  ago. 
The  methods  for  detection  are  obvious. 

Ointment  of  Animoniated  Mercury,  Unguenium  hydrargyri 
ammoniati. — 62  grains  of  the  substance  mixed  with  an  ounce  of 
simple  ointment. 

Bed  Iodide  of  Mercury,  Hydrargyrum  iodidum  ruhrum,  Hglg. — 
A  crystalline  powder  of  a  scarlet  colour,  becoming  yellow  on 
gentle  heating.  It  is  very  insoluble  in  water,  one  part  requiring 
from  6000  to  7000  parts;  soluble  in  130  parts  of  cold,  150  of 
hot  alcohol;  and  dissolving  freely  in  ether,  or  in  aqueous  solu- 
tion of  iodide  of  potassium. 

Ointment  of  lied  Iodide  of  Mercury,  Unguentum  hydrargyri 
iodidi  7'ubri. — 16  grains  of  the  substance  mixed  with  an  ounce 
of  simple  ointment. 

Green  Iodide  of  Mercury,  Hydrargyri  iodidum  viride,  Hgl. — 
A  dingy,  greenish-yellow  powder,  darkening  on  exposure  to  light, 
and  easily  decomposed  into  the  red  iodide. 

Red  Oxide  of  Mercury,  Hydrargyri  oxidum  ruhrum,  HgO  =  216 ; 
Hg  92-12  percent.;  specific  gravity,  11  to  11-3 — small,  red,  shining,, 
crystalline  scales,  very  insoluble  in  water,  requiring  about  20,006 
parts;  entirely  soluble  in  hydrochloric  acid.  By  a  heat  below 
redness  it  may  be  volatilised,  and  at  the  same  time  decomposed 
into  mercury  and  oxygen.  Its  principal  impurity  is  nitric  acid, 
readily  detected  by  the  usual  tests,  or  by  heating  in  a  test-tube, 
when,  if  nitric  acid  is  present,  orange  vapours  will  be  evolved. 
Fixed  red  powders  (such  as  brick-dust  and  minium)  are  detected 
by  being  left  as  a  residue,  after  tl;ie  application  of  heat  sufiicient 
to  volatilise  the  mercury. 

Sulphate  of  Mercury. — A  white  crystalline  powder , decomposed 
by  water  into  the  very  insoluble  basic  salt  of  mercury,  known  as 
Turhith  mineral,  IIgS042HgO. 

Turhith,  or  Turpeth,  Mineral,  is  contained  in  the  Trench  phar- 
macopoeia, HgS042HgO;  Hg  82-4  per  cent.;  specific  gravity  8-319. 
It  requires  for  solution  2000  parts  of  cold,  and  600  of  boiling 
water;  but  dissolves  with  tolerable  ease  in  hydrochloric  acid. 

The  Sulphide  of  Mercury,  known  in  commerce  under  the 
name  of  Ethiops  mineral,  is  officinal  in  France,  the  Netherlands, 
and  Germany.  Its  properties  have  been  already  described.  The 
German  and  Dutch  pharmacopoeias  require  in  it  50,  the  French 
only  33J  per  cent,  of  metallic  mercury. 

Hahneman's  Soluble  Mercury,  Hydrargyrum  solubileHahnemanni^ 
IS  officinal  m  the  Dutch  pharmacopoeia.  As  found  in  commerce 
It  contains  metallic  mercury,  nitric  acid,  and  ammonia.  The 
mercury  should  be  in  the  proportion  of  86-33  per  cent.,  the 
ammonia  2-44  per  cent. 
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Crystallised  Nitrate  of  Mercury,  Hydrargyrum  nilo-icum  oxidu- 
latum,  is  officinal  in  the  pharmacopoeias  of  Germany,  Switzerland, 
and  France.  The  salt  is  in  white  crystals,  giving  the  reactions 
of  nitric  acid  and  mercury,  decomposed  by  the  addition  of  water, 
but  fully  soluble  in  water,  if  first  moistened  with  nitric  acid. 
The  formula  of  the  neutral  salt  is  Hg2N03Hg02H20,  which 
requires  69-4  per  cent,  of  mercury. 

An  Ointment  of  Nitrate  of  Mercury,  Unguentum  hydrargyri 
nitratis,  is  contained  in  the  B.P. ;  it  is  made  with  4  parts  of 
mercury,  nitric  acid  12,  lard  15,  olive  oil  32. 

A  Chloride  of  Mercury  and  Quinine  exists  in  commerce,  pre- 
pared by  mixing  1  part  of  corrosive  sublimate  in  solution 
with  3  parts  of  quinine  chloride,  evaporating,  and  crystal- 
lising. 

Cyanide  of  Mercury,  HgCy,  is  contained  in  the  French  phar- 
macopoeia. It  occurs  in  small,  colourless,  prismatic  ci-ystals,  easily 
soluble  in  water.  If  to  the  solution  chloride  of  tin  be  added, 
a  black  precipitate  of  reduced  metal  and  stannous  oxide  is 
thrown  down,  and  the  odour  of  prussic  acid  is  developed. 

Mercuric  Sulphide,  Sulphide  of  Mercury,  Cinnabar,  Vermilion,  is 
officinal  in  Germany,  the  Netherlands,  and  France;  HgS  =  232; 
specific  gravity,  solid,  8-2;  Hg  86-21  per  cent.,  0  13-79  per  cent. 
For  medicinal  purposes  it  is  made  artificially.  It  is  a  beautiful 
red  powder,  insoluble  in  all  alkaline  and  all  acid  liquids,  with 
the  exception  of  aqua  regia.  The  solution  gives  the  reactions 
of  a  sulphide  and  mercury.  On  heating,  it  must  burn  away 
entirely  without  residue ;  adulterations  or  impurities  are — 
minium,  lead,  copper,  and  other  metals.  The  detection  of 
minium  is  conveniently  executed  in  the  dry  way.  Pure  cinna- 
bar, when  heated  in  a  matrass,  gives  a  black  sublimate,  which 
becomes  red  on  friction.  If  minium  is  present,  sulphide  of  lead 
remains  as  a  residue,  and  may  be  recognised  on  coal;  the  same 
remark  applies  to  sulphide  of  antimony.  If  it  be  desired  to  take 
the  percentage  of  mercury  in  cinnabar,  equal  parts  of  oxalate 
and  cyanide  of  potassium  should  be  well  mixed  with  the  cinna- 
bar, and  heated  in  the  bent  tube  described  at  p.  618;  by  this 
means  the  whole  of  the  metallic  mercury  is  readily  obtained.* 

§  727.  Mercury  in  the  Arts.— The  use  of  mercury  in  the  arts  is 
so  extensive,  that  any  one  in  analytical  practice  is  almost  certain 


*  Dr  Sutro  has  published  a  case  (quoted  by  Taylor),  in  which  the  vapour  of 
vermilion,  applied  externally,  produced  poisonous  symptoms;  yet  accordmg 
to  Polak,  the  Persians  inhale  it  medicinaUy,  smokmg  it  with  tobacco, 
eatechu,  mucilage,  &c.,  the  only  bad  effect  being  au  occasional  stomatitis.- 
Eulenberg:  "  Gewerbe  Bi/gieiie,"  p.  741. 
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occasionally  to  meet  witli  cases  of  accidental  poisoning,  either 
from  the  vapour  *  or  some  of  its  combinations. 

Quicksilver  is  used  in  the  extraction  of  gold,  the  silvering  of 
mirrors,  the  construction  of  barometers,  and  various  scientific 
instruments  and  appliances ;  also  for  the  preservation  of  insects, 
and  occasionally  for  their  destruction.!  An  alloy  with  zinc  and 
cadmium  is  employed  by  dentists  for  stopping  teeth ;  but  there 
is  no  evidence  that  it  has  been  at  all  injurious,  the  mercury, 
probably,  being  in  too  powerful  a  state  of  combination  to  be 
attacked  by  the  fluids  in  the  mouth.  J  Cinnabar  has  also  been 
employed  to  give  a  red  colour  to  confections,  and  it  may  be  found 
in  tapers,  cigarette  papers,  and  other  coloured  ai'ticles.  The 
nitrate  of  mercury  in  solution  finds  application  in  the  colouring 
of  horn,  in  the  etching  of  metals,  in  the  colouring  of  the  finer 
sorts  of  wool,  and  in  the  hat  manufacture. 

The  sulphocyanide  of  mercury  gives,  when  burnt,  a  most 
abundant  ash,  a  fact  utilised  in  the  toy  known  as  Pharaoh's 
serpent ;  the  products  of  combustion  are  mercurial  vapours  and 
sulphurous  anhydride.  That  the  substance  itself  is  poisonous,  is 
evident  from  the  following  experiment: — "5  grm.  was  given  to 
a  pigeon  without  immediate  result;  but  ten  hours  afterwards  it 
was  indisposed,  refused  its  food,  and  in  forty  hours  died  without 
convulsions.  § 

Acid  Solution  of  Nitrate  of  Mercury,  Liquor  hydrargyri  nitratis 
acidus,  a  colourless,  strongly  acid  liquid,  giving  the  reactions  for 
nitric  acid  and  mercury;  specific  gravity,  2-246. 


5  728.  The  more  Common  Patent  and  Quack  Medicines  containing 

Mercury. 

Mordant's  Norton's  Drops. — This  patent  medicine  is  a  mixture 
of  the  tincture  of  gentian  and  ginger,  holding  in  solution  a  little 
bichloride  of  mercury,  and  coloured  with  cochineal. 

*  A  singular  case  is  cited  by  Tardieu  (Mude  med.-Ugal  sur  VEmpoi- 
sonnement),  in  which  a  man,  supposing  he  had  some  minerals  containino- 
gold,  attempted  the  extraction  by  amalgamation  with  mercury.  He  used  a 
portable  furnace  (for  the  purpose  of  volatilising  the  mercury)  in  a  small  room, 
and  his  wife,  who  assisted  him,  suffered  from  a  very  well-marked  stomatitis 
and  mercurial  erujition. 

t  Forty-three  persons  were  salivated  from  fumigating  rooms  with  mercury 
for  the  purpose  of  destroying  bugs  (Sonnenschein's  Ilandbuch,  p.  96). 

X  More  danger  is  to  be  apprehended  from  the  vulcanised  rubber  for  artificial 
teeth;  and,  according  to  Dr.  Taylor,  accidents  have  occurred  fi-om  the  use 
of  such  supports  or  plates. 

§  Eulenberg,  Op.  cit.,  p.  742. 
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Solomon's  Anti-impetigines  is  a  solution  of  bichloride  of  mercury, 
flavoured  and  coloured. 

Poor  MarCs  Friend. — An  ointment  of  nitrate  of  mercury. 

Brown's  Lozenges. — ^Each  lozenge  contains  J  grain  of  calomel, 
and  3|  grains  of  resinous  extract  of  jalap;  the  rest  is  white  sugar 
and  tragacanth. 

Ching's  Worm  Lozenges. — Each  lozenge  contains  1  grain  of 
calomel;  the  rest  white  sugar  and  tragacanth,  with  saffron  as  a 
colouring  matter. 

Storey's  Worm  Cakes. — Each  cake  2  grains  of  calomel,  2  grains 
of  cinnabar,  6  grains  of  jalap,  5  grains  of  ginger,  and  the  remain- 
der sugar  and  water. 

Wright's  Pearl  Ointment  is  said  to  be  made  up  of  8  ounces  of 
white  precipitate  rubbed  to  a  cream  in  1  pint  of  Goulard's 
extract,  and  to  the  mixture  is  added  7  pounds  of  white  wax  and 
10  pounds  of  olive  oil. 

Keyser's  Pills. — The  receipt  for  these  pills  is — red  oxide  of 
mercury  li  ounce,  distilled  vinegar  (dilute  acetic  acid)  1  pint; 
dissolve,  add  to  the  resulting  solution  manna  2  lbs.,  and  triturate 
for  a  long  time  before  the  fire,  until  a  proper  consistence  is 
attained;  lastly,  divide  the  mass  into  pills  of  H  grain  each. 

Mitchell's  Pills. — Each  pill  contains  aloes  -8  grain,  rhubarb  1-6 
grain,  calomel  -16  grain,  tartar  emetic  -05  grain. 

Many  Antibilious  Pills  will  be  found  to  contain  calomel,  a  few 
mercury  in  a  finely  divided  state. 

§  729.  Mercury  in  Veterinary  Medicine. — Farmers  and  farriers 
use  the  ointment  {blue  ointment)  to  a  dangerous  extent,  as  a 
dressing  for  the  fly,  and  wholesale  poisoning  of  sheep  has  been 
in  several  instances  the  consequence.*  Ethiops  mineral  and 
Turpeth  mineral  are  given  to  dogs  when  afiected  by  the  dis- 
temper, worms,  or  the  mange.  Mercury,  however,  is  not  very 
frequently  given  to  cattle  by  veterinary  surgeons,  ruminants 
generally  appearing  rather  susceptible  to  its  poisonous  efi"ects. 

§  730.  Medicinal  and  Fatal  Dose— Horses.— Qimiah&r  14-2  grms. 
(1  oz.),  calomel  14-2  grms.  (J  oz.)  or  more,  corrosive  sublimate 
•13  to  -38  grm.  (2  to  6  grains),  and  as  much  as  1-3  grm.  (20  grains) 
have  been  given  in  farcy.  ,■,  x   o  j  \ 

Cattlc-Mercurj  with  chalk  3-8  to  11-6  grms.  (1  to  3  d™s.), 
calomel  3-8  to  7-7  grms.  (1  to  2  drms.);  in  worms,  -65  to^l'^ 
grm.  (10  to  20  drms.)  as  an  alterative;  Ethiops  mineral,  7w  to 
15-5  grms.  (2  to  4  drms.). 

*  Twenty-five  tons  of  blue  ointment  are  said  to  have  been  sold  to  farmers 
by  a  druggist  in  Boston,  Lincolusliire,  in  the  course  of  a  single  yeai. 
Taylor's  "Medical  Jurisprudence,"  vol.  i.,  p.  279. 
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2)0(75.— Ethiops  or  Turpeth  mineral  -13  to  1-3  grm.  (2  to  20 
grains),  according  to  the  size. 

Foivls.  Mercury  and  chalk  are  given  in  fractions  of  a  gram. 

Hogs  are  also  treated  with  mercury  and  chalk ;  the  dose  usually 
given  does  not  exceed  -32  grm.  (5  grains). 

It  may  be  remarked  that  many  of  the  doses  quoted  appear 
very  large;  the  writer  cannot  but  consider  that  20  grains  of 
corrosive  sublimate  administered  to  a  horse  would  be  more 
likely  to  kill  the  animal  than  to  cure  the  disease. 

Man. — Corrosive  sublimate  has  been  fatal  in  a  dose  so  small 
as  -19  grm.  (3  grains);  white  precipitate  has  caused  dangerous 
symptoms  in  doses  of  from  1-9  to  2-6  grm.  (30  to  40  grains) ;  the 
cyanide  of  mercury  has  killed  a  person  in  a  dose  of  -64  grm. 
(10  grains) — Christison;  and  Turpeth  mineral  has  proved  fatal 
in  doses  of  2-6  grms.  (40  grains). 

Other  preparations  of  mercury  have  also  been  fatal,  but  a 
doubt  has  existed  as  to  the  precise  quantity.  Sometimes,  also, 
there  is  probably  a  chemical  change  in  the  substance,  so  that  it 
is  impossible  to  state  the  fatal  dose.  For  example,  it  is  well 
known  that  calomel,  under  the  influence  of  alkaline  chlorides, 
can  be  converted  into  the  bichloride — a  fact  which  probably 
explains  the  extensive  corrosive  lesions  that  have  been  found 
after  death  from  large  doses  of  calomel. 

§  731.  Poisoning  hy  Mercury — Statistics. — In  the  Registrar- 
General's  death  returns  for  the  five  years  ending  1880,  it  appears 
that  in  England  the  deaths  from  mercurial  poisoning*  were  22 
males,  15  females;  total  37,  or  about  2-3  per  cent,  of  the  total 
deaths  from  every  kind  of  poison.  Three  were  children,  the  rest 
adults;  17  or  46  per  cent,  of  the  cases  were  suicidal. 

The  effects  of  the  different  compounds  of  mercury  may  be 
divided  into  two  groups,  viz. — (1)  Those  caused  by  the  finely 
divided  metal  and  the  non-corrosive  compounds;  (2)  the  effects 
caused  by  the  corrosive  compounds. 

§  732.  (1.)  Effects  of  Mercurial  Vapour,  and  of  the  Non-Corrosive 
Compounds  of  Mercury. 

{a)  Vegetable  Life. — Priestly  and  Boussingault  have  shown  that 
plants  under  a  glass-shade  in  which  mercury  is  exposed  in  a 
saucer,  first  exhibit  black  spots  on  the  leaves;  ultimately,  the 
latter  blacken  entirely,  and  the  plants  die. 

{b)  Animal  Life. — Mercury  in  the  form  of  vapour  is  fatal  to 

*  The  tleatlis  are  registered  under  the  term  Mercury,"  but  the  majority 
are  poisonings  by  "  Corrosive  Sublimate." 
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animal  life,  but  it  is  only  by  repeated  and  intense  application. 
Eulenberg*  placed  a  rabbit  under  a  large  glass-shade,  and  for 
four  days  exposed  it  daily  for  two  hours  to  the  volatilisation  of 
2  grms.  of  mercury  on  warm  sand ;  on  the  sixth  and  seventh  day 
1-5  grm.  were  volatilised.  On  the  fifteenth  day  there  was  no 
apparent  change  in  the  aspect  of  the  animal ;  5  grms.  of  mercury 
were  then  heated  in  a  retort,  and  the  vapour  blown  in  at 
intervals  of  ten  minutes.  JFourteen  days  afterwards  the  gums 
were  reddened  and  swollen,  and  the  appetite  lost;  the  con- 
junctivfe  were  also  somewhat  inflamed.  The  folloAving  day 
these  symptoms  disappeared,  and  the  animal  remained  well. 

In  another  experiment  20  grms.  of  mercury  were  volatilised, 
and  a  rabbit  exposed  to  the  vapour  under  a  small  glass-shade. 
The  following  day  the  conjunctivte  were  moist  and  i-eddened; 
two  days  afterwards  10  grms.  of  mercury  were  volatilised  in 
the  same  way;  and  in  two  days'  interval  other  10  grms.  were 
volatilised  in  three-quarters  of  an  hour.  There  was  no  striking 
change  noticeable  in  the  condition  of  the  animal,  but  within 
forty-eight  hours  it  was  found  dead.  The  cause  of  death  proved 
to  be  an  extravasation  of  blood  at  the  base  of  the  Ijrain.  The 
bronchia  were  reddened  throughout,  and  the  lungs  congested. 
Mercury,  as  with  man,  is  also  readily  absorbed  by  the  broken 
or  unbroken  skin ;  hence  thousands  of  sheep  have  been  poisoned 
by  the  excessive  and  ignorant  external  application  of  mercurial 
ointment  as  a  remedy  against  the  attacks  of  the  fly.  The  sheep 
become  emaciated,  refuse  food,  and  seem  to  be  in  pain,  breathing 
with  short  quick  gasps. 

In  experiments  on  rabbits,  dogs,  and  warm-blooded  animals, 
■generally,  salivation  and  stomatitis  are  found  to  occur  as  regularly  , 
as  in  man;  so  also  in  both  paralytic  and  other  nervous  afiections 
have  been  recorded. 

§  733.  (c)  Effects  on  Man.— In  1810  t  an  extraordinary  acci- 
dent produced,  perhaps,  the  largest  wholesale  poisoning  by 
mercurial  vapour  on  record.    The  account  of  this  is  as  follows : 

 H.M.S.  Triumph,  of  seventy-four  guns,  arrived  in  the  harbour 

of  Cadiz  in  the  month  of  February,  1810  ;  and  in  the  following 
March,  a  Spanish  vessel,  laden  with  mercury  for  the  South 
American  mines,  having  been  driven  on  shore  in  a  gale,  was 
wrecked.  The  Triumph  saved  by  her  boats  130  tons  of  the  mer- 
cury, and  this  was  stowed  on  board.  The  mercury  was  first  con- 
fined in  bladders,  the  bladders  again  were  enclosed  in  small 
barrels,  and  the  barrels  in  boxes.    The  heat  of  the  weather, 

\  An  account^  of  the  effect  of  mercurial  vapours  on  the  crew  of  His 
Majesty's  Ship  Triumpli,  in  the  year  im.-Phd.  Tram.  113,  1823. 
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however,  was  at  this  time  considerable;  and  the  bladders,  having 
been  wetted  in  the  removal  from  the  wreck,  soon  rotted,  and 
mercury,  to  the  amount  of  several  tons,  was  speedily  diflfused  as 
vapour  through  the  ship,  mixing  more  or  less  with  the  bread 
and  the  other  provisions.    In  three  weeks  200  men  were  affected 
with  ptyalism,  ulceration  of  the  mouth,  partial  paralysis,  and, 
in  many  instances,  with  diarrhoea.     The  Triumph  was  now 
ordered  to  Gibraltar,  the  provisions  were  removed,  and  efforts 
were  made  to  cleanse  the  vessel.    On  restowing  the  hold,  every 
man  so  employed  was  salivated.    The  effects  noted  were  not 
coniined  to  the  officers  and  ship's  company ;  for  almost  all  the 
stock  died  from  the  fumes — mice,  cats,  a  dog,  and  even  a  canary- 
bird  shared  the  same  fate,  though  the  food  of  the  latter  was 
kept  in  a  bottle  closely  corked  up.     The  vapour  was  very 
deleterious  to  those  having  any  tendency  to  pulmonic  affections. 
Three  men,   who  had   never   complained   before   they  were 
saturated  with  mercury,  died  of  phthisis;  one,  who  had  not 
had  any  pulmonic  complaint,  was  left  behind  at  Gibraltar,  where 
his  illness  developed  into  a  confirmed  phthisis.    Two  died  from 
gangrene  of  the  cheeks  and  tongue.    A  woman,  confined  to  bed 
with  a  fractured  limb,  lost  two  of  her  teeth;  and  many  exfolia- 
tions of  the  jaw  took  place. 

Accidents  from  the  vapour  of  mercury,  quite  independently 
of  its  applications  in  tlie  arts,  have  also  occurred,  some  of  them 
under  curious  circumstances;  such,  for  example,  is  the  case 
mentioned  in  the  footnote  to  p.  60.3.  Witness,  again,  a  case 
mentioned  by  Seidel,*  in  which  a  female,  on  the  advice  of  an 
old  woman,  inhaled  for  some  afi'ection  or  other  2*5  grms.  of 
piercury  poured  on  red-hot  coals,  and  died  in  ten  days  with  all 
the  symptoms  of  mercurial  poisoning. 

The  metal  taken  in  bulk  into  the  stomach  has  been  considered 
non-poisonous,  and,  probably,  when  perfectly  pure,  it  is  so;  we 
have,  however,  the  case  of  a  girl  who  swallowed  4^  oz.  by  weight 

of  the  liquid  metal,  for  the  purpose  of  procuring  abortion  this 

it  did  not  effect;  but,  in  a  few  days,  she  suffered  from  a  tremblino- 
and  shaking  of  the  body  and  loss  of  muscular  power.  These 
symptoms  continued  for  two  months,  but  there  was  no  salivation 
and  no  blue  marks  on  the  gums.  This  case  is  a  rare  one,  and 
a  pound  or  more  has  been  taken  without  injury. 

§  734.  Mercury  in  a  finely  divided  form,  rubbed  into  the  skin 
IS  absorbed  and  all  the  effects  of  mercurialism  result.  This 
method  of  administering  mercury  for  medicinal  purposes  has 
long  been  m  use,  but,  when  the  inunction  is  excessive,  death  may 


*  Maschka's  Handhucli,  73 J.  ii.,  295. 
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occur.  Thus,  Lciblinger  records  a  case  in  which  three  persons 
were  found  dead  in  bed;  the  day  before  they  had  rubbed  into 
the  body,  for  the  purpose  of  curing  the  itch,  a  salve  containing 
270  grms.  of  mercury  finely  divided. 

It  is  difficult  to  say  in  what  proportion  workers  in  mercury, 
such  as  water-gilders,  &c.,  suffer.  According  to  Hirt,  not  only 
do  1'5  to  2*1  per  cent,  of  the  workmen  employed  in  smelting 
mercury  ores  suffer  acutely,  but  as  high  a  proportion  as  8-7  per 
cent,  are  slightly  affected. 

§  735.  The  symptoms  of  poisoning  by  mercury  vapour,  or  by 
the  finely  divided  metal,  are  the  same  as  those  which  arise  from 
the  corrosive  salts,  with  the  exception  of  the  local  action.  In 
mild  cases  there  is  pallor,  languor,  and  sore  mouth  (from  slightly 
inflamed  gums),  fcetid  breath,  and  disorder  of  the  digestive 
organs.  If  the  action  is  more  intense,  there  is  an  inflammation 
of  the  gums  and,  indeed,  of  the  whole  mouth,  and  salivation, 
which  is  sometimes  so  profuse  that  as  much  as  two  gallons  of 
saliva  have  been  secreted  daily.  The  saliva  is  alkaline,  has  a 
bad  odour,  and  its  specific  gravity  in  the  early  stages  is  increased ; 
but  ultimately  becomes  normal  on  certain  places — the  gums  are 
raised  into  slight  swellings,  which  gradually  enlarge  and  coalesce. 
The  teeth  that  are  already  carious,  decay  more  rapidly;  they 
become  loose,  and  some  may  be  shed;  the  inflammatory  action 
may  extend  to  the  jaw,  and  necrosis  of  portions  of  the  bone  is 
no  unusual  occurrence.  On  recovery,  the  cheeks  sometimes  form 
adhesions  with  the  gums,  and  cicatrices  always  mark  the  loss  of 
substance  which  such  an  affection  entail.  With  the  stomatitis 
there  are  disturbances  of  the  gastro-intestinal  tract— nausea  and 
vomiting,  pain  in  the  stomach,  and  diarrhoea  alternating  with 
constipation.  Conjunctivitis  is  very  common,  both  on  man  and 
animals,  from  exposure  to  mercury  vapours.  The  further  action 
of  the  metal  is  shown  in  its  profound  effects  on  the  nervous 
system.  The  patient  is  changed  in  his  disposition,  he  is  ex- 
citable, nervous,  or  torpid;  there  are  sleeplessness  and  bad 
dreams,  at  the  same  time  headache,  noises  in  the  ears,  giddiness, 
faintings,  &c. 

§  736.  Mercurial  tremor*  may  follow,  or  accompany  the  above 

*  A  case  of  mercurial  tremor  (ia  BericU  des  K.  K.  Allgem.  Kranken- 
Jiauses  zu  Wien  im  Jahre,  1872,  Wien,  1873),  is  interestmg,  as  sjiomng 
influence  of  pregnancy.  A  woman,  twenty  years  of  age  employed  in  malun 
barometers  had!  in  1869,  mercurial  tremor  and  salivation,  /^^^^g 
months'  pregnancy  the  tremor  ceased,  but  again  appeared  aftei  she  iiaa 
aborted.    She  again  became  pregnant,  and  the  tremor  ceased  until  aftei  her 
confinement  in  November,  1871.     The  tremor  was  so  violent  that  the 
patient  could  not  walk;  she  also  had  stomatitis;  but  ultimately,  by  treat- 
ment with  galvanism  and  other  remedies,  she  recovered. 
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state,  or  it  may  be  the  chief  and  most  prominent  effect.  It 
specially  affects  the  arms,  partly  withdrawing  the  muscles  from 
the  control  of  the  will,  so  that  a  person  affected  with  mercurial 
tremor  is  incapacitated  for  following  any  occupation,  especially 
those  requiring  a  delicate  and  steady  touch.    In  cases  seriously 
affected,  the  tremor  spreads  gradually  to  the  feet  and  legs,  and 
finally  the  whole  body  may  be  invaded.     The  patient  is  no 
longer  master  of  his  muscles — the  muscular  system  is  in  anarchy, 
each  muscle  aimlessly  contracting  and  relaxing  independently 
of  the  rest — the  movement  of  the  legs  becomes  uncertain,  the 
speech  stuttering,  the  facial  expressions  are  even  distorted  into 
grimaces,  and  the  sufferer  sinks  into  a  piteous  state  of  helpless- 
ness.   The  convulsive  movements  generally  cease  during  sleep. 
The  tremors  are  accompanied  by  interference  with  the  func- 
tions of  other  organs:  the  respiration  is  weakened  and  difficult; 
dyspnoea,  or  an  asthmatic  condition  results;  the  pulse  is  small 
and  slow;  paresis,  deepening  into  paralysis  of  the  extremities,  or 
of  a  group  of  muscles,  follows;  and,  lastly,  if  the  condition  is  not 
alleviated,  the  patient  becomes  much  emaciated  and  sinks  from 
exhaustion.    Pregnant  women  are  liable  to  abortion,  and  the 
living  infants  of  women  suffering  from  tremor  have  also  ex- 
hibited tremor  of  the  limbs. 

In  the  case  of  the  "mass  poisoning"  on  board  the  Triumph, 
it  has  been  mentioned  that  several  of  the  sailors  became  con- 
sumptive, and  the  same  effect  has  been  noticed  among  all  workers 
m  the  metal;  it  is  now,  indeed,  an  accepted  fact  that  the  cachexia 
induced  by  mercurialismus,  produces  a  weak  habit  of  body 
specially  liable  to  the  tuberculous  infection. 

The  course  of  the  poisoning  is  generally  more  rapid  when  it 
has  resulted  from  the  taking  of  mercury  internally  as  a  medicine 
than  when  inhaled  by  workers  in  the  metal-e.^.,  a  patisnt 
suff^mg  from  mercurial  tremor  shown  to  the  Medical  Society 
by  Spencer  Watson  in  1872,  had  resisted  for  seven  years 
the  influence  of  the  fumes  of  mercury;  and  then  succumbed, 
exhibiting  the  usual  symptoms.  Idiosyncrasy  plays  a  consider- 
able ro^.;  some  persons  (and  especially  those 'whose  kidneys  are 

m  course  of  preparation  in  a  London  laboratory,  caused  two 
cases  of  very  serious  slow  poisoning.*    One  was  that  of  a 
Berth.  Heap.  Beports,  vol.  i.,  1866,  p.  141, 
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German,  aged  thirty,  who  was  engaged  in  preparing  this  com- 
pound for  three  months,  and  during  this  time  his  sight  and 
hearing  became  impaired;  he  was  very  weak,  his  gums  were 
sore,  and  he  was  ultimately  admitted  into  St.  Bartholomew's 
Hospital,  February  3rd,  1865.  His  urine  was  found  to  be 
albuminous,  and  his  mental  faculties  very  torpid.  On  the  ninth 
he  became  noisy,  and  had  to  be  put  under  mechanical  restraint. 
On  the  tenth  he  was  semi-comatose,  but  there  was  no  paralysis; 
his  breath  was  very  offensive,  his  pupils  dilated;  at  intervals 
he  raised  himself  and  uttered  incoherent  howls.  There  was 
neither  sensation  nor  motion  in  the  left  leg,  which  was  extended 
rigidly;  the  knee  and  the  foot  were  turned  slightly  inward. 
On  the  fourteenth  he  died  insensible. 

The  only  appearance  of  note  seen  at  the  autopsy  was  a  con- 
jestion  of  the  grey  matter  in  the  brain;  the  kidneys  and  liver 
were  also  congested,  and  there  were  ecchymoses  in  the  kidneys. 

The  second  case — a  young  man,  aged  twenty-three,  working  in 
the  same  laboratory,  was  admitted  into  the  Hospital,  March  28th, 
1865.  In  the  previous  January  he  had  been  exposed  to  the 
vapour  of  mei'curic  methide  for  about  a  fortnight;  during  the 
illness  of  the  other  assistant  he  felt  ill  and  weak,  and  complained 
of  soreness  of  the  gums  and  looseness  of  the  teeth.  He  had  also 
dimness  of  vision,  pain  and  redness  of  the  eyes,  giddiness, 
nausea  and  vomiting — the  ejected  matters  being  greenish  and 
watery.  At  the  beginning  of  March  his  sight  and  taste  became 
imperfect — all  things  tasted  alike;  his  tongue  was  numb  and  his 
gums  sore,  he  was  also  salivated  slightly.  A  week  before 
admission  he  lost  his  hearing,  and  first  his  hands  and  then  his 
feet  became  numb;  on  admission  his  breath  was  very  offensive, 
his  pupils  dilated;  the  sight  impaired;  he  was  very  deaf,  and 
his  powers  of  speech,  taste,  and  smell  were  deficient.  There 
was  anesthesia  of  the  body,  and  the  movement  of  the  limbs 
was  sluggish  and  difficult.  He  continued  in  the  hospital  for 
nearly  a  month,  with  but  little  change.  On  April  24th,  it  was 
noticed  that  he  was  getting  thinner  and  slightly  jaundiced;  he 
moved  his  arms  aimlessly  in  an  idiotic  manner,  and  passed  his 
urine  involuntarily.  On  April  27th  he  was  more  restless,  and 
even  violent,  shrieking  out  and  making  a  loud,  incoherent  noise, 
or  laughing  foolishly;  he  passed  his  motions  and  urine  beneath 
him  On  July  7th  he  was  in  a  similar  state— perfectly  idiotic. 
He  died  on  April  7th,  1866,  about  a  year  and  three  months 
from  his  first  exposure  to  the  vapour;  the  immediate  cause  oi 
death  was  pneumonia.  The  fost-morUm  appearances  ot  t  le 
brain  and  membranes  differed  little  from  the  normal  state;  tne 
grey  matter  was  pink,  but  otherwise  healthy;  there  was  a 
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considerable  amount  of  cerebro-spinal  fluid;  the  arachnoid  along 
the  longitudinal  fissure  was  thickened;  the  total  weight  of  the 
brain  with  medulla  was  41  ozs.  The  stomach  was  of  enormous 
size;  the  pyramids  of  the  kidneys  were  congested,  as  was  also 
the  small  intestine;  the  lungs  showed  the  usual  signs  of  pneu- 


monia.* 


§  738.  Effects  of  the  Corrosive  Salts  of  Mercury. — The  type  of 
the  corrosive  salts  is  mercuric  chloride,  or  corrosive  sublimate — a 
compound  which  acts  violently  when  administered,  either  ex- 
ternally or  internally,  in  large  doses.t  If  the  poison  has  been 
swallowed,  the  symptoms  come  on  almost  immediately,  and 
always  within  the  first  half  hour;  the  whole  duration  also  is  rapid. 
In  thirty-six  cases  collected  by  F.  A.  Falck,  eleven  died  on  the 
first  or  second  day,  and  eleven  on  the  fifth  day;  so  that  61  per 
cent,  died  in  five  days — the  remainder  lived  from  six  to  twenty- 
six  days.  The  shortest  fatal  case  on  record  is  one  communicated 
to  Dr.  Taylor  by  Mr.  Welch — in  this  instance  the  man  died  from 
an  unknown  quantity  within  half-an-hour. 

In  the  very  act  of  swallowing,  a  strong  metallic  taste  and  a  pain- 
ful sensation  of  constriction  in  the  throat  are  experienced.  There 
is  a  burning  heat  in  the  throat  extending  downwards  to  the 
stomach.  All  the  mucous  membranes  with  which  the  solution 
comes  in  contact  are  attacked,  shrivelled  and  whitened;  so  that, 
on  looking  into  the  mouth,  the  appearance  has  been  described  as 
similar  to  that  produced  by  the  recent  application  of  silver 
nitrate.  The  local  changes  may  be  so  intense  as  to  cause  oedema 
of  the  glottis,  and  death  through  asphyxia.  In  a  few  minutes 
violent  pain  is  felt  in  the  stomach;  so  much  so,  that  the  sufferer 
is  drawn  together,  and  is  in  a  fainting  condition;  but  there  are 
rare  cases  in  which  pain  has  been  absent.  There  are  nausea 
and  vomiting — the  ejected  matters  being  often  streaked  with 
blood;  after  the  vomiting  there  is  purging;  here  also  the 
motions  are  frequently  bloody,  t  The  temperature  of  the  body 
sinks,  the  respiration  is  diflficult,  and  the  pulse  small,  frequent, 
and  irregular.    The  urine  is  generally  scanty,  and  sometimes 

*  St.  Barth.  Hosp.  Reports,  vol.  ii.,  p.  211. 

t  The  effects  on  animals  are  similar  to  those  on  man.  Ricliard  Mead 
gave  a_dog  with  bread  3-8  grms.  (60  grains)  of  corrosive  subUmate-— 

Within  a  quarter  of  an  hour  he  fell  into  terrible  convulsions,  casting  up 
frequently  a  viscid  frothy  mucous,  every  time  more  and  more  bloody  till 
tared  and  spent  with  this  hard  service,  he  lay  down  quietly,  as  it  were  to 
sleep,  but  died  the  next  morning,"  ' 
_  X  The  mixture  of  blood  with  the  evacuations  is  more  constantly  observed 
™_^Poisoning  by  corrosive  sublunate  than  in  poisoning  by  arsenic,  copper,  or 
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completely  suppressed.*  Sometimes  there  is  profuse  hajmorrhage 
from  the  bowel,  stomach,  or  other  mucous  membrane,  and  such 
cases  are  accompanied  by  a  considerable  diminution  of  tempera- 
ture. In  a  case  recorded  by  Lcewy,t  after  a  loss  of  blood  by 
vomiting  and  diarrhcea,  th?  temperature  sank  to  33°4.  The 
patient  dies  in  a  state  of  collapse,  or  insensibility,  and  death  is 
often  preceded  by  convulsions. 

§  739.  Two  remarkable  cases  of  death  from  the  external  use 
of  corrosive  sublimate  are  recorded  by  Anderseck.  An  ointment, 
containing  corrosive  sublimate,  was  rubbed  into  the  skin  of  two 
girls — servants,  in  order  to  cure  the  itch.  The  one,  during  the 
inunction,  complained  of  a  burning  of  the  skin;  the  other  also,  a 
little  while  after,  suffered  in  the  same  way.  During  the  night 
the  skin  of  each  swelled,  reddened,  and  became  acutely  painful. 
There  were  thirst  and  vomiting,  but  no  diarrhoea.  On  the 
following  day  there  was  an  eruption  of  blebs  or  little  blisters. 
On  the  third  day  they  had  diarrhoea,  tenesmus,  fever,  and  dimi- 
nution of  the  renal  secretion;  on  the  fourth  day,  foetid  breath, 
stomatitis,  hypersesthesia  of  the  body,  and  a  feeling  of  "pins 
and  needles  "  in  the  hands  and  feet  were  noted.  The  first  girl 
died  in  the  middle  of  the  fifth  day,  fully  conscious;  the  other 
died  on  the  sixth.  So  also  Taylor  \  gives  the  case  of  a  girl, 
aged  nine,  who  died  from  the  effects  of  an  alcoholic  solution  of 
corrosive  sublimate  (strength,  80  grains  to  the  ounce)  applied  to 
the  scalp  as  a  remedy  for  ringworm.  The  same  author  §  further 
quotes  the  case  of  two  brothers  who  died — the  one  on  the  fifth, 
the  other  on  the  eleventh  day,  from  the  effects  of  absorbing 
corrosive  sublimate  through  the  unbroken  skin. 

§  740.  The  Nitrates  of  Mercury  are  poisons,  but  little  (if  at  all) 
inferior  in  corrosive  action  to  mercuric  chloride.  Death  has 
resulted  from  both  the  external  and  internal  use.  Application  of 
the  nitrate  as  an  escharotic  to  the  os  uteri,  in  one  case,||  pro- 
duced all  the  symptoms  of  mercurial  poisoning,  but  the  woman 
recovered;  in  another  case,ir  its  use  as  a  liniment  caused  death. 

§  741.  When  taken  internally,  the  symptoms  are  scarcely 
different  from  those  produced  by  corrosive  sublimate.  It  seems 
an  unlikely  vehicle  for  criminal  poisoning,  yet,  in  the  case  of 

*  In  a  case  recorded  by  Dr.  Wegeler  (Casper's  Wochenschri/t,  January  10, 
1846  p  30)  a  youth,  aged  seventeen,  swallowed  11 '6  gi-ms.  (3  di-achms) 
of  the  poison.  No  pain  was  experienced  on  pressure'of  the  abdomen;  he  died 
on  the  sixth  day,  and  during  the  last  three  days  of  life  no  unne  was  secreted. 

+  Vierteljahrsschr.fiir  ger.  Med.  1864,  vol.  i.,  p.  187. 

tOp.cit.  §  "Poisons,"  1848,  p.  394. 

11  Med.  Gazette,  vol.  45,  p.  1,025. 

ir  £Jdin.  Monthly  Journal,  1864,  p.  167. 
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Eeg.  V.  E.  Smith  (Leicester  Summer  Assizes,  1857),  a  girl  was 
proved  to  have  put  a  solution  of  nitrate  of  mercury  in  some 
chamomile  tea,  which  had  been  prescribed  for  the  prosecutrix. 
The  nauseous  taste  prevented  a  fatal  dose  being  taken;  but  the 
symptoms  were  serious. 

§  742.  Mercuric  Cyanide  acts  in  a  manner  very  similar  to  that 
of  corrosive  sublimate,  1-3  grm.  (about  20  grains),  in  one  case,* 
and  in  another,!  half  the  quantity  having  destroyed  life. 

§  743.  White  Precipitate  (ammoniated  mercury),  as  a  poison,  is 
weak.  Out  of  fourteen  cases  collected  by  Taylor,  two  only 
proved  fatal;  one  of  these  formed  the  subject  of  a  trial  for 
murder,  {Reg.  v.  Moore;  Lewes  Lent  Assizes,  1860).  The  effects 
produced  are  vomiting,  purging,  &c.,  as  in  corrosive  sublimate.  J 
Other  preparations  of  mercury,  such  as  the  red  iodide,  the 
persulphide,  and  even  calomel,§  have  all  a  more  or  less  intense 
poisonous  action,  and  have  caused  serious  symptoms  and  death. 

§  744.  Treatment  of  Acute  and  Chronic  Poisoning. — In  acute 
poisoning,  vomiting  usually  throws  off  some  of  the  poison,  if  it 
has  been  swallowed;  and  the  best  treatment  seems  to  be,  to 
give  copious  albuminous  drinks,  such,  for  example,  as  the  whites 
of  eggs  in  water,  milk,  and  the  like.  The  vomiting  may  be 
encouraged  by  subcutaneous  injections  of  apomorphine.  The 
after-treatment  should  be  directed  to  eliminating  the  poison, 
which  is  most  safely  effected  by  very  copious  drinks  of  distilled 
water. — [>S'ee  Apj:)endix.^ 

The  treatment  of  slow  poisoning  is  mainly  symptomatic; 
medicinal  doses  of  zinc  phosphide  seem  to  have  done  good  in 
mercurial  tremors.  Potassic  iodide  is  also  supposed  to  assist 
the  elimination  of  mercury. 

745.  Post-mortem  Appearances. — The  pathological  effects  seen 
alter  chronic  poisoning  are  too  various  to  be  distinctive,  but  in 
acute  poisoning  (especially  by  the  corrosive  salts)  the  chancres 
are  great  and  striking.  After  rapid  death  from  corrosive  subli- 
mate, the  escharotic  whitening  of  the  mouth,  throat,  and  o-ullet 
already  described,  will  be  seen.  The  mucous  membrane  ri<rht 
throughout,  from  mouth  to  anus,  is  more  or  less  affected  and 
destroyed,  according  to  the  dose  and  concentration  of  the  poison 
ihe  usual  appearances  in  the  stomach  are  those  of  intense 
congestion,  with  ecchymoses,  and  portions  of  it  may  be  destroyed. 

*  Orfila^  i.,  p  735.  +  Christi.son,  p.  427. 

JllXlR^pIX^^:^^^^^  ™^  Precipitate. "-^.,-3 

§  Seidel  quotes  a  case  from  Hasselt,  in  which  a  father,  for  the  mu-nosP 
•  of  obtaining  insurance  money,,  kiUed  his  child  by  calomel.  P"ipose 
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Sometimes  the  coats  are  very  much  blackened;  this  is  probably 
due  to  a  coating  of  sulphide  of  mercury. 

In  St.  George's  Hospital  Museum  (Ser.  ix. ,  43.  y.  337)  there  is  a  stomach, 
rather  large,  with  thickened  mucous  coats,  and  having  on  the  mucous  surface 
a  series  of  parallel  black,  or  black-brown  lines  of  deposit;  it  was  derived 
from  a  patient  who  died  from  taking  corrosive  sublimate.  With  the  severe 
changes  mentioned,  perforation  is  rare.  *  In  the  intestiaes  there  are  found 
hyperasmia,  extravasations,  loosening  of  the  mucous  membrane,  and  other 
changes.  The  action  is  particularly  intense  about  the  cascum  and  sigmoid 
ilexure;  in  one  case,t  indeed,  there  was  little  inflammatory  redness  of  the 
stomach  or  of  the  greater  portion  of  the  intestine,  but  the  whole  surface  of 
the  caecum  was  of  a  deep  black-red  colour,  and  there  were  patches  of  sloughing 
in  the  coats.  The  kidneys  are  often  swollen,  congested,  or  inflamed; 
changes  in  the  respiratory  organs  are  not  constantly  seen,  but  in  a  majority 
of  the  cases  there  have  been  redness  and  swelling  of  the  larynx,  trachea,  and 
bronchi,  and  sometimes  hepatisation  of  smaller  or  larger  portions  of  the  lung. 

In  St.  George's  Hosijital  Museum,  there  are  (from  a  patient  dying  in  the 
hospital)  preparations  which  well  illustrate  what  pathological  changes  may 
be  expected  in  any  case  surviving  for  a  few  days.    The  patient  was  Francis 

L  ,  aged  45,  admitted  to  the  hospital,  February  27,  1842.    He  took  a 

quantity  of  corrosive  sublimate  spread  on  bread  and  butter,  was  immediately 
sick,  and  was  unable  to  take  as  much  as  he  had  intended.  The  stomach-pump 
and  other  remedies  were  used.  On  the  following  day  his  mouth  was  sore, 
and  on  March  1st  his  vision  was  dim;  his  mouth  was  drawn  over  to  the  right 
side,  and  he  lost  power  over  the  left  eyelid,  but  he  had  no  pain ;  he  passed 
some  blood  from  the  bowel.  On  the  2nd  he  passed  much  blood,  and  was  sali- 
vated ;  still  no  pain.  On  March  4,  on  the  evening  of  the  sixth  day,  he  expu-ed; 
lie  was  drowsy  during  the  last  day,  and  passed  watery  evacuations. 

Prep.  14  a,  Ser.  ix.  shows  the  pharynx,  oesophagus,  and  tongue;  there  is 
ulceration  of  the  tonsUs,  and  fibrinous  exudation  on  the  gullet.  The  stomach 
(43  b.  199)  shows  a  large  dark  slough,  three  inches  from  the  cardiac  extremity; 
the  margin  surrounding  the  slough  is  thickened,  ulcerated,  and  irregular  in 
shape,  the  submucous  tissue,  to  some  extent,  being  also  thickened ;  there  is 
fibrine  in  ike  ileum,  pharynx,  and  part  of  the  larynx.  The  action  extended 
to  the  whole  intestine,  the  rectum  in  prep,  145  a,  36,  is  seen  to  be  thickened, 
and  has  numerous  patches  of  effused  fibrine. 

It  is  a  curious  fact  that  the  external  application  of  corrosive 
sublimate  causes  inflammatory  changes  in  the  alimentary  canal 
of  nearly  the  same  intensity  as  if  the  poison  had  been  swallowed. 
Thus,  in  the  case  of  the  two  girls  mentioned  aiite  (p.  612),  there 
was  found  an  intense  inflammation  of  the  stomach  and  mtestmes, 
the  mucous  tissues  being  scarlet-red,  swollen,  and  with  numerous 

extravasations.  .   -i     j.  j-u 

§  746.  The  efi'ects  of  the  nitrate  of  mercury  are  similar  to  the 
preceding;  in  the  few  cases  which  have  been  recorded,  there 
has  been  intense  redness,  and  inflammation  of  the  stomach  and 
intestines,   with  patches  of  ecchymosis.     White  precipitate, 

*  There  is  only  one  case  of  perforation  on  record, 
t  Lancet,  1845,  p.  700. 
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cyanide  of  mercury,  mercuric  iodide,  and  mercurous  sulphide 
(turpetli-mineral),  have  all  caused  inflammation,  more  or  less 
intense,  of  the  intestinal  tract. 

§  747.  Elimination  of  Mercury. — The  question  of  the  channels 
by  which  mercury  is  eliminated  is  of  the  first  importance.  It 
would  appear  certain  that  it  can  exist  in  the  body  for  some  time 
in  an  inactive  state,  and  then,  from  some  change,  be  carried  into 
the  circulation  and  show  its  effects.*  Yoit  considers  that  mer- 
cury combines  with  the  albuminous  bodies,  separating  upon  their 
oxidation,  and  then  becoming  free  and  active,  f 

The  main  channel  by  which  absorbed  mercury  passes  out  of 
the  body  is  the  kidneys,  whilst  mercurial  compounds  of  small 
solubility  are  in  great  part  excreted  by  the  bowel.  A.  Bynssen,J 
after  experimenting  with  mercuric  chloride  (giving  "015  to  '15 
grm.,  with  a  little  morphine  hydrochlorate),  came  to  the  con- 
clusion that  it  could  be  detected  in  the  urine  about  two  hours, 
and  in  the  saliva  about  four  hours,  after  its  administration; 
he  considered  that  the  elimination  was  finished  in  twenty-four 
hours. 

From  the  body  of  a  hound  that,  in  the  course  of  thirty-one 
days,  took  2-789  grms.  of  calomel  (2-368  Hg)  in  87  doses, 
about  94  per  cent,  of  the  substance  was  recovered  on  analysis  : — 


In  the  faeces,    ,         .          .  , 
,,     urine,  . 
,,     brain,  heart,  lungs,  spleen,  pancreas 

kidneys,  scrotum,  and  penis, 
„     liver,  .... 
,,  muscles. 


Mercurous  Sulphide. 
2-1175 
0-0550 

0-0090 
0-0140 
0-0114 


2-2069 


This  equals  1-9  of  metallic  mercury.§  Thus,  of  the  whole 
2-2  grms.  of  mercuric  sulphide  separated,  over  95  per  cent,  was 
obtained  from  the  f«ces. 

This  ca,se  is  of  considerable  interest,  for  there  are  recorded  in 
toxicological  treatises  a  few  cases  of  undoubted  mercurial  poison- 
ing in  which  no  poison  had  been  detected,  although  there  was 
ample  evidence  that  it  had  been  administered  by  the  mouth. 
In  such  cases,  it  is  probable,  that  the  whole  length  of  the 

*  Tuson  gave  a  mare,  lii-st,  4  grains,  and  afterwards  5  grains  of  corrosive 
sublimate  twice  a  day;  at  the  end  of  fourteen  days,  in  a  pint  of  urine  no 
mercury  was  detected,  but  at  the  end  of  three  weeks  it  was  found 

t  Voit,  Physiol.  Ghem.  Unters.,  Augsburg,  1857. 

t  Journal  de  PAnat.  et  de  Physiol,  1872,  iio.  5,  p.  500.    Ou  the  separation 
of  mercury  by  the  urine,  see  also  Saikowsky  in  Virchow's  Archives,  ISGG 
^  Kiederer,  in  Buchner's  JSTeues  Repert.f.  Pharm.,  Bd.  xvii.  3,  257,  1868. 


616  POISONS  :    THEIR  EFFECTS  AND  DETECTION.  [§  748. 

intestinal  canal  had  not  been  examined,  and  the  analysis  failed 
irom  this  cause  When  (as  not  unfrequently  happens)  the  mer- 
curial poison  has  entered  by  the  skin,  it  is  evident  that  the 
most  likely  localities  are  the  urine,  the  liver,  and  the  kidneys  * 

in  a  case  related  by  Vidal,t  the  Liquor  Bellostii  (or  solution 
ot  mercuric  nitrate)  was  ordered  by  mistake  instead  of  a  lini- 
ment Although  externally  applied,  it  caused  salivation,  profuse 
diarrhoea,  and  death  in  nine  days.  The  whole  of  the  intestinal 
tract  was  found  inflamed  with  extravasations,  and  mercury 
detected  in  the  liver. 

In  any  case  of  external  application,  if  death  ensues  directly 
from  the  poison,  evidence  of  its  presence  will  probably  be  found; 
but  too  much  stress  must  not  be  laid  upon  the  detection  of 
mercury,  for,  as  Dr.  Taylor  says,  "  Nothing  is  more  common 
than  to  discover  traces  of  mercury  in  the  stomach,  bowels,  liver, 
kidneys,  or  other  organs  of  a  dead  body. "J  ' 

§  748.  Tests  for  Mercury.— Mercury,  in  combination  and  in 
the  solid  form,  is  most  readily  detected  by  mixing  the  substance 
intimately  with  dry  anhydrous  sodic  carbonate,  transferring  the 
mixture  to  a  glass  tube,  sealed  at  one  end,  and  applying  heat. 
If  mercury  be  present,  a  ring  of  minute  globules  condenses  in 
the  cool  part  of  the  tube.  If  the  quantity  of  mercury  is  likely 
to  be  very  minute,  it  is  best  to  modify  the  process  by  using  a 
subliming  cell  (p.  242),  and  thus  obtain  the  sublimate  on  a  circle 
of  thin  glass  in  a  convenient  form  for  microscopical  examination. 
If  there  is  any  doubt  whether  the  globules  are  those  of  mercury 
or  not,  this  may  be  resolved  by  putting  a  fragment  of  iodine  on 
the  lower  disc  of  the  subliming  cell,  and  then  completing  it 
by  the  disc  which  contains  the  sublimate  (of  course,  the 
supposed  mercurial  surface  must  be  undermost);  on  placing  the 
cell  in  a  warm,  light  place,  after  a  time  the  scarlet  iodide  is 
formed  and  the  identification  is  complete.  Similarly,  a  glass 
tube  containing  an  ill-defined  metallic  ring  of  mercury  can  be 
sealed  or  corked  up  with  a  crystal  of  iodine,  and,  after  a  few 
hours,  the  yellow  iodide,  changing  to  scarlet,  will  become 
apparent.  There  are  few  (if  any)  tests  of  greater  delicacy  than 
this. 

Mercury  in  solution  can  be  withdrawn  by  acidulating  the 
liquid,  and  then  inserting  either  simply  a  piece  of  gold  foil,  gold 

*  Very  recently  a  woman  died  from  the  effects  of  a  corrosive  sublimate 
lotion  applied  by  a  quack  to  a  wound  in  her  leg.  The  writer  found  no 
poison  in  the  stomach,  but  separated  a  milligramme  of  metallic  mercury 
from  the  liver;  the  urine  and  intestines  were  not  sent, 

f  Gaz.  des  H6p.,  Juillet,  1864. 

X  Taylor,  "  Medical  Jurisprudence,"  i.,  p.  288. 
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wire,  or  bright  copper  foil;  or,  else,  by  a  galvanic  arrangement, 
such  as  iron  wire  wound  round  a  gold  coin,  or  gold  foil  attached 
to  a  rod  of  zinc;  or,  lastly,  by  the  aid  of  gold  or  copper 
electrodes  in  connection  with  a  battery.  By  any  of  these 
methods,  mercury  is  obtained  in  the  metallic  state,  and  the  metal 
with  its  film  can  be  placed  in  a  subliming  cell,  and  globules 
deposited  and  identified,  as  before  described. 

The  Precipitating  Reagents  for  mercury  are  numerous:  a  solu- 
tion of  stannous  chloride,  heated  with  a  solution  of  mercury, 
or  any  combination,  whether  soluble  or  insoluble,  reduces  it  to 
the  metallic  state. 

Mercurous  Salts  in  solution  yield,  with  potash,  soda,  or  lime, 
a  black  precipitate  of  mercurous  oxide.  Mercuric  Salts,  a  bright 
yellow  precipitate  of  mercuric  oxide. 

Mercurous  Salts  yield  black  precipitates,  with  sulphides  of 
ammonium  and  hydrogen.  Mercuric  Salts  give  a  similar  reaction, 
but,  with  sulphuretted  hydrogen,  first  a  whitish  precipitate, 
passing  slowly  through  red  to  black. 

Mercurous  Salts  with  solutions  of  the  chlorides  give  a  white 
precipitate  of  calomel;  the  Mercuric  Salts  yield  no  precipitate 
under  similar  circumstances.  Mercurous  Salts  treated  with 
iodide  of  potassium  give  a  green  mercurous  iodide;  Mercuric,  a 
scarlet. 

§  749.  The  Detection  of  Mercury  in  Organic  Substances  and 
Fluids.— The  galvanic  process,  previously  described,  is  found  in 
practice  the  best.  Fluids,  such  as  urine,  must  be  evaporated  to 
dryness,  and  then  treated  with  hydrochloric  acid.  Such  organs 
as  the  liver  are  cut  up  and  dissolved  in  hydrochloric  acid  (1  :  4), 
and  the  strained  fluid  tested  by  electrolysis.  Dr  Taylor  relates 
how  by  this  process  distinct  evidence  of  mercury  in  the  liver 
was  obtained  on  a  piece  of  copper  gauze,  in  a  case  where  a  child 
Jiad  been  given  two  grains  of  calomel  before  death.  "Four 
ounces  of  the  liver  were  treated  with  hydrochloric  acid  and 
water,  and  a  small  piece  of  pure  copper  placed  in  the  acid  liquid 
while  warm,  and  kept  there  for  about  forty-eight  hours  It 
acquired  a  slight  silvery  lustre,  and  globules  of  mercury  were 
obtained  from  it  by  sublimation." 

In  those  cases  where  no  special  search  is  made  for  mercury 
but  an  acid  (hydrochloric)  solution  is  treated  with  sulphuretted 
hydrogen    mercury  is  indicated  by  the  presence  of  a  black 
precipitate,  which  does  not  dissolve  in  warm  nitric  acid 

The_  further  treatment  of  the  black  sulphide  may  be  under- 
taken m  two  ways : —  "^itici 

(1.)  It  is  collected  on  a  porcelain  dish,  with  the  addition  of  a 
httle  nitric  acid,  and  evaporated  to  dryness  in  order  to  destroy 
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organic  matter.  Hydrochloric  and  a  few  drops  of  nitric  acid  are 
next  added;  the  action  is  aided  by  a  gentle  heat,  the  solution 
finally  evaporated  to  dryness  on  the  water-bath,  and  the  residue 
taken  up  by  warm  distilled  water.  The  solution  is  that  of  a 
persalt  of  mercury,  and  the  mercury  can  be  separated  by 
electrolysis,  or  indicated  by  the  tests  already  detailed. 

(2.)  The  other  method,  and  the  most  satisfactory,  is  to  mix 
the  sulphide  while  moist  with  dry  carbonate  of  soda,  make  it 
into  a  pellet  which  will  easily  enter  a  reducing  or  subliming 
tube,  dry  it  carefully,  and  obtain  a  sublimate  of  metallic 
mercury. 

A  very  neat  method  for  the  detection  and  estimation  of 
mercury  has  been  suggested  by  Ludwig  :* — 3  grms.  of  zinc  dust 
are  put  in  the  organic  liquid,  which  is  then  acidified;  after 
agitation  and  time  to  allow  all  the  mercury  to  be  deposited  on 
the  zinc,  the  zinc  dust  is  washed  with  water,  with  potash,  and 
finally  with  alcohol  and  ether.  It  is  dried  and  put  into  a 
combustion  tube;  first  the  zinc  dust  which  has  amalgamated 
with  the  mercury,  then  some  asbestos;  next  some  cupric  oxide, 
and  lastly  some  pure  zinc  dust — the  combustion  tube  is  drawn 
out  into  a  thin  capillary  extremity,  and  a  combustion  made, 
when  the  mercury  collects  in  the  capillary  part. 

§  750.  Estimation  of  Mercury. — All  pharmaceutical  substances 
containing  mercury,  as  well  as  the  sulphide  prepared  in  the  wet 
way,  and  minerals,  are  best  dealt  with  by  obtaining  and  weigh- 
ing the  metal  in  the  solid  state.  The  assay  is  very  simple  and 
easy  when  carried  out  on  the  method  that  was  first,  perhaps, 
proposed  by  Domeyko.  A  glass  tube  (which  should  not  be  too 
thin),  closed  at  one  end,  is  bent,  as  shown  in  Fig.  19;  the  diameter 
should  be  about  three  lines,  the  length  from  seven  to  eight 
inches,  the  shorter  arm  not  exceeding  two  inches.  The  powdered 
substance  is  mixed  with  two  or  three  times  its  weight  of  litharge, 
and  introduced  into  the  tube  at  a.    The  portion  of  the  tube 


Fig.  19. 

containing  the  mercury  is  at  first  heated  gently,  but  finally 
brought  to  a  temperature  sufficient  to  fuse  the  substance  and 
soften  the  glass.  The  mercury  collects  in  an  annular  film  at  6  m 
the  cooler  limb,  and  may  now,  with  a  little  management  ot  tue 

*  Ztg.fur  Physiol.  Chemie.,  18S2,  vol.  i.,  p.  495. 
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lamp,  be  concentrated  in  a  well-defined  ring;  the  portion  of  the 
tube  containing  this  ring  is  cut  off,  weighed,  then  cleansed  from 
mercury,  and  reweighed.  Many  of  the  pharmaceutical  prepara- 
tions do  not  require  litharge,  which  is  specially  adapted  for  ores, 
and  heating  with  sodic  carbonate  (in  great  excess)  will  suffice. 
Mercury  mixed  with  organic  matter  must  be  first  separated  as 
described,  by-  copper  or  gold,  the  silvered  foil  rolled  up,  dried, 
introduced  into  the  bent  tube,  and  simply  heated  without 
admixture  with  any  substance;  the  weight  may  be  obtained 
either  by  weighing  the  foil  before  and  after  the  operation,  or  as 
above. 

§  751.  Volumetrio  Processes  for  the  Estimation  of  Mercury. — 
When  a  great  number  of  mercurial  preparations  are  to  be 
examined,  a  volumetric  process  is  extremely  convenient.  There 
are 'several  of  these  processes,  some  adapted  more  particularly 
for  mercuric,  and  others  for  mercurous  compounds.  For 
mercuric,  the  method  of  Personne*  is  the  best.  The  conversion 
of  the  various  forms  of  mercury  into  corrosive  sublimate  may  be 
ejQFected  by  evaporation  with  aqua  regia,  care  being  taken  that 
the  bath  shall  not  be  at  a  boiling  temperature,  or  there  will  be 
a  slight  loss. 

Personne  prefers  to  heat  with  caustic  soda  or  potash,  and  then 
pass  chlorine  gas  into  the  mixture;  the  excess  of  chlorine  is 
expelled  by  boiling,  mercuric  chloride  in  presence  of  an  alkaline 
chloride  not  being  volatilised  at  100°.  The  standard  solutions 
required  for  this  process  are — 

(1.)  33-2  grms.  of  potassic  iodide  in  1  litre  of  water,  1  cc.  = 
0-01  grm.  Hg,  or  0-01355  grm.  HgOlg. 

(2.)  A  solution  of  mercuric  chloride  containing  13-55  grms.  to 
the  litre,  1  cc.  =0-1  grm.  Hg. 

The  process  is  founded  on  the  fact  that,  if  a  solution  of  mercuric 
chloride  be  added  to  one  of  potassic  iodide,  in  the  proportion  of 
one  of  the  former  to  four  of  the  latter,  mercuric  iodide  is  formed, 
and  immediately  dissolved,  until  the  balance  is  overstepped, 
when  the  red  colour  is  developed;  the  final  reaction  is  very  sharp, 
and  with  solutions  properly  made  is  very  accurate.  The  mercuric 
solution  must  always  be  added  to  the  alkaline  iodide;  a  reversal 
of  the  process  does  not  answer.  It  therefore  foUows  that  the 
solution  to  be  tested  must  be  made  up  to  a  definite  bulk,  and 
added  to  a  known  quantity  of  the  potassic  iodide  until  the  red 
colour  appears. 

Mercurous  Salts  may  be  titrated  with  great  accuracy  by  a 
decmormal  solution  of  sodic  chloride.    This  is  added  to  the  cold 


*  Comptes  Rendus,  Ivi.,  68;  Sutton's  Vol.  Anal,  177. 
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solution  in  very  slight  excess,  the  calomel  filtered  off,  the  filtrate 
neutralised  by  pure  carbonate  of  soda,  and  the  amount  of  sodic 
chloride  still  unused  found  by  titration  with  nitrate  of  silver,  the 
end  reaction  being  indicated  by  chromate  of  potash.  Several 
other  volumetric  processes  are  fully  described  in  works  treating 
upon  this  branch  of  analysis. 


III.— PRECIPITATED  BY  HYDRIO  SULPHIDE 
PROM  A  NEUTRAL  SOLUTION. 


ZINC — NICKEL — COBALT. 

WEDlCC-CHIRlHOfCAL  SOCICTT 


1.  ZINC. 


§  752.  Zinc. — At.  wt.,  65:  specific  gravity,  6-8  to  7-1;  fusing 
point,  412°  (773°  F.) — is  a  hard,  bluish-white,  brittle  metal,  with  a 
crystalline  fracture.  Between  100°  and  150°  it  becomes  ductile, 
and  may  be  easily  wrought,  but  at  a  little  higher  temperature, 
it  again  becomes  brittle,  and  at  a  bright  red  heat  it  fuses,  and 
then  volatilises,  the  fumes  taking  fire  when  exposed  to  the  air. 
In  analysis,  zinc  occurs  either  as  a  metallic  deposit  on  a  platinum 
foil  or  dish,  or  as  a  brittle  bead,  obtained  by  reducing  a  zinc 
compound  with  soda  on  charcoal. 

The  salts  of  zinc  to  be  briefly  described  here  are  the  carbonate, 
the  oxide,  and  the  sulphide— all  of  which  are  likely  to  occur  in 
the  separation  and  estimation  of  zinc,  and  the  sulphate  and 
chloride — salts  more  especially  found  in  commerce,  and  causing 
accidents  from  time  to  time. 

§  753.  Carbonate  of  Zinc,  in  the  native  form  of  calamine 
contains,  as  is  well  known,  64-8  per  cent,  of  oxide  of  zinc;  but 
the  carbonate  obtained  in  the  course  of  an  analysis  by  precipitatr 
ing  the  neutral  hot  solution  of  a  soluble  salt  of  zinc  by  carbonate 
of  potash  or  soda,  is  carbonate  of  zinc  j^lus  a  variable  quantity  of 
hydrated  oxide  of  zinc.  Unless  the  precipitation  takes  place  at 
a  boiling  temperature,  the  carbonic  anhydride  retains  a  portion 
of  the  oxide  of  zinc  in  solution.  By  ignition  of  the  carbonate, 
oxide  of  zinc  results.  on  oi 

§  754.  Oxid^.  of  Zinc  (ZnO  =  81;  specific  gravity,  5-612;  Zn  bU--^*, 
O  19-76)  is  a  white  powder  when  cool,  yellow  when  hot.  If  mixed 
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with  sufficient  powdered  sulphur,  and  ignited  in  a  stream  of 
hydrogen,  the  sulphide  is  produced;  if  ignited  in  the  pure  state 
in  a  rapid  stream  of  hydrogen  gas,  metallic  zinc  is  obtained;  but, 
if  it  is  only  a  feeble  current,  the  oxide  of  zinc  becomes  crystalline, 
a  portion  only  being  reduced. 

§  '755.  Sidpliide  of  Zinc  (ZnS  =  97;  specific  gravity,  4-1;  Zu  67-01, 
S  32-99). — The  sulphide  obtained  by  treating  a  neutral  solution 
of  a  soluble  salt  of  zinc  by  hydric  sulphide,  is  hydrated  sulphide, 
insoluble  in  water,  caustic  alkalies,  and  alkaline  sulphides,  but 
dissolving  completely  in  nitric  or  in  hydrochloric  acid.  When 
dry,  it  is  a  white  powder,  and  if  ignited  contains  some  oxide  of 
zinc.  The  anhydrous  sulphide  is  produced  by  mixing  the  pre- 
•cipitated  sulphide  with  sulphur,  and  igniting  in  a  crucible  in  a 
stream  of  hydrogen  gas. 

Sulfliate  of  Zinc  (ZnS047H20  161  +  126;  specific  gravity,  crys- 
tals, 1-931). — This  salt  is  officinal  in  all  the  pharmacopoeias,  is  used 
in  calico-printing,  and  is  comm^j4'  known  as  white  vitriol.  By 
varying  the  temperature  at  which  the  crystals  are  allowed  to  be 
formed,  it  may  be  obtained  with  6,  5,  2,  or  1,  atoms  of  water. 
The  commercial  sulphate  is  in  crystals  exactly  similar  to  those 
of  Epsom  salts;  it  is  slightly  efflorescent,  and  gives  the  reactions 
of  zinc  and  sulphuric  acid. 

§  756.  Chloride  of  Zinc  is  obtained  by  dissolving  zinc  in  hydro- 
chloric acid,  or  by  direct  union  of  zinc  and  chlorine.  Chloride 
of  zinc  is  the  only  constituent  in  the  well-known  "Burnett's 
disinfectant  fluid."  A  solution  of  chloride  of  zinc  may  be  heated 
until  it  becomes  water-free;  when  this  takes  place  it  still  remains 
fluid,  and  makes  a  convenient  bath,  for  warmth  may  be  applied 
to  it  above  370°  without  its  emitting  fumes  to  inconvenience; 
at  a  red  heat  it  distils.  A  concentrated  solution  of  zinco-ammonic 
chloride  {2'K^Q\Z-n.G\^  is  used  for  the  purpose  of  removing  the 
film  of  oxide  from  various  metals  preparatory  to  soldering. 

_  §  757.  Zinc  in  the  Arts. — The  use  of  zinc  as  a  metal  in  sheetin"- 
cisterns,  articles  for  domestic  use,  alloys,  &c.,  is  well  known° 
Sulphide  of  zinc  has  lately  been  employed  as  a  substitute  for 
white  lead,  and  may  possibly  supersede  it.  Zinc  white  is  further 
employed  as  a  pigment,  and,  mixed  with  albumen,  is  an  agent  in 
calico-prmtmg;  it  is  also  used  in  the  decoloration  of  glass,  in  the 
polishing  of  optical  glasses,  and  in  the  manufacture  of  artificial 
meerschaum  pipes.* 

_  Chromate  of  Zinc  (ZnCrO^)  is  used  in  calico-printing,  and  there 
is  also  m  commerce  a  basic  chromate  known  as  zinc-yellow.  Zinc- 

*  Ai-tificial  meerschaum  pipes  are  composed  of  zinc  white,  magnesia  usta 
and  caseme  ammonium.  °  ' 
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green,  or  Rinman's  green,  is  a  beautiful  innocuous  colour,  formed 
by  igniting  a  mixture  of  dry  zincic  and  cobaltous  carbonates. 

The  use  of  zinc  vessels  in  tlie  preparation  of  foods  may  occa- 
sionally bring  the  metal  under  the  notice  of  the  analyst.  When 
exposed  to  a  moist  atmosphere,  zinc  becomes  covered  with  a 
thin  film  of  oxide,  perfectly  insoluble  in  ordinary  water;  but,  if 
the  water  should  be  charged  with  common  salt,  a  considerable 
quantity  may  be  dissolved.  It  may  generally  be  laid  down  as  a 
rule  that  the  solvent  power  of  water  on  zinc  has  a  direct  relation 
to  the  chlorides  present,  whilst  carbonate  of  lime  greatly  dimini- 
shes this  solubility.* 

Milk  may  become  contaminated  by  zinc;  for,  it  is  a  matter  of 
common  knowledge,  that  milk  contained  in  zinc  vessels  does  not 
readily  turn  sour.  This  may  be  explained  by  the  zinc  oxide  com- 
bining with  the  lactic  acid,  and  forming  the  sparingly  soluble 
lactate  of  zinc  2(03H503)Zn  +  SHgO,  thus  withdrawing  the  lactic 
acid  as  fast  as  it  is  formed,  preventing  the  coagulation  of  the 
casein.  With  regard  to  this  important  practical  subject,  MM. 
Payne  and  Chevallier  made  several  experiments  on  the  action 
of  brandy,  wine,  vinegar,  olive  oil,  soup,  milk,  &c.,  and  proved 
that  zinc  is  acted  on  by  all  these,  and  especially  by  the  alcoholic, 
acetic,  and  saline  liquids.  M.  SchaufFele  has  repeated  these  ex- 
periments, and  determined  the  amount  of  zinc  dissolved  in  fifteen 
days  by  diflferent  liquids  from  a  galvanised  iron  as  well  as  a  zinc 
vessel. 

The  amount  found  was  as  follows  : — 


Brandy,  . 
Wine,      .  '  . 
Orange-flower  water. 
Vinegar,  . 
Fatty  soup, 
Weak  soup, 
Milk, 

Salt  water, 
Seltzer  water,  . 
Distilled  water, 
Ordinary  water, 
Olive  oil,  . 


The  liquid  from 
the  zinc  vessel, 
grma.  per  litre. 

0-95 

3-95 

0-50 
31-75 

0-46 

0-  86 
513 

1-  75 
0-.35 

traces, 
traces, 
none. 


The  liquid  from 
the  galvanised 

iron  vessel, 
grms.  per  litre. 
0-70 
4-10 

0-  75 
60-75 

1-  00 
1-76 
7-00 
0-40 
0-30 

traces, 
traces, 
none. 


8  758  Meets  of  Zinc,  as  shown  hy  Experiments  on  Animals.-- 
Harnack,  in  experiments  with  sodium-zinc  oxide  pyrophosphate, 


*  7i-nrek  indeed  found  in  a  litre  of  water  contained  in  a  zinc  cistern  no 
less  thTrOlol  grm  of  zinc,  and  the  same  water  showed  only  0  -074  gnn.  of 
common  salt  to  the  litre.  Vierteljahrsschr.  fur  gencht.  Iledmn,  1867.  Bd.  6, 
p.  356. 
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lias  shown  that  the  essential  action  of  zinc  salts  is  to  paralyse 
the  muscles  of  the  body  and  the  heart,  and,  by  thus  aflfecting 
the  circulation  and  respiration,  to  cause  death;  these  main 
results  have  been  fully  confirmed  by  Blake,  Letheby,  and  0. 
Ph.  Falck.  For  rabbits  the  lethal  dose  is  -08  to  -09  grm.  of 
zinc  oxide,  or  about  -04  per  kilogrm.  The  temperature  during 
acute  poisoning  sinks  notably- — according  to  F.  A.  Falck's 
researches  on  rabbits,  from  about  7 "3°  to  13'0°.  Zinc  is  eliminated 
mainly  by  the  urine,  and  has  been  recognised  in  that  fluid  four 
to  five  days  after  the  last  dose.  It  has  also  been  separated  in 
small  quantity  from  the  milk  and  the  bile. 

§  759.  Effects  of  Zinc  Compounds  on  Man- — (a.)  Zinc  Oxide. — 
The  poisonous  action  of  zinc  oxide  is  so  weak  that  it  is 
almost  doubtful  whether  it  should  be  considered  a  poison. 
Dr.  Marcett  has  given  a  pound  (453 -fi  grms.)  during  a  month 
in  divided  doses  without  injury  to  a  patient  afflicted  with, 
epilepsy;  and  the  workmen  in  zinc  manufactories  cover 
themselves  from  head  to  foot  with  the  dust  without  very 
apparent  bad  effects.  It  is  not,  however,  always  innocuous,  for 
Popoff'  has  recorded  it  as  the  cause  of  headache,  pain  in  the  head, 
cramps  in  the  calves  of  the  legs,  nausea,  vomiting,  and  diarrhoea; 
and  he  also  obtained  zinc  from  the  urine  of  those  suffering  in 
this  manner.*  Again,  a  pharmacy  studentf  filled  a  laboratory 
with  oxide  of  zinc  vapour,  and  suffered  from  well-marked  and 
even  serious  poisonous  symptoms,  consisting  of  pain  in  the  heeCd, 
vomiting,  and  a  short  fever.  It  must  be  remembered  that,  as 
the  ordinary  zinc  of  commerce  is  seldom  free  from  arsenic,  and 
some  samples  contain  gallium,  the  presence  of  these  metals  may 
possibly  have  a  part  in  the  production  of  the  symptoms 
described. 

§  760.  (6.)  Sulphate  of  ^inc— Sulphate  of  zinc  has  been  very 
frequently  taken  by  accident  or  design,  but  death  from  it  is 
rare.  The  infrequency  of  fatal  result  is  due,  not  to  any  inactivity 
of  the  salt,  but  rather  to  its  being  almost  always  expelled  by 
vomiting,  which  is  so  Constant  and  regular  an  effect,  that  in 
doses  of  1-3  grm.  (20  grains),  sulphate  of  zinc  is  often  relied 
upon  in  poisoning  from  other  substances  to  quickly  expel  the 
contents  of  the  stomach.  In  a  case  reported  by  Dr.  Gibb,  an 
adult  female  swallowed  4-33  grms.  (67  grains),  but  no  vomitinc^ 
occurred,  and  it  had  to  be  induced  by  other  emetics;  this  case  is 


*  The  so-called  "zinc  fever,"  has  only  been  noticed  in  the  founding  of 
brass;  It  IS  always  preceded  by  well-marked  shivering,  the  other  symptoms 
bemg  similar  to  those  descnbed.  ^  ^ 

t  Rust's  Magazine,  Bd.  xxi.,  §  i363. 
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unique.  It  is  difficult  to  say  what  would  be  a  fatal  dose  of  zinc 
sulphate,  but  the  serious  symptoms  caused  by  28  grms.  (1  ounce) 
in  the  case  of  a  groom  in  the  service  of  Dr.  Mackenzie,  leads  to 
the  view  that,  although  not  fatal  in  that  particular  instance,  it 
might  be  m  others.  The  man  took  it  in  mistake  for  Epsom 
salts;  a  few  minutes  after  he  was  violently  sick  and  purged, 
and  was  excessively  prostrated,  so  that  he  had  to  be  carried  to 
his  home;  the  following  day  he  had  cramps  in  the  legs,  and  felt 
weak,  but  was  otherwise  Avell. 

In  a  criminal  case  related  by  Tardieu  and  Roussin,  a  large 
dose  of  zinc  sulphate,  put  into  soup,  caused  the  death  of  an  adult 
woman  of  sixty  years  of  age,  in  about  thirty  hours.*  The 
symptoms  were  violent  purging  and  vomiting,  leading  to  collapse. 
From  half  of  the  soup  a  quantity  of  zinc  oxide,  equal  to  1-6  grm. 
of  zinc  sulphate  was  separated.  Zinc  was  also  found  in  the 
stomach,  liver,  intestines,  and  spleen — (see  also  a  case  of  criminal 
poisoning  recorded  by  Chevallier).t 

§  761.  (c.)  Zinc  Chloride.— C\Aoride  of  zinc  is  a  powerful  poison 
which  may  kill  by  its  primary  or  secondary  effects;  its  local 
action  as  a  caustic  is  mainly  to  be  ascribed  to  its  intense  affinity 
for  water,  dehydrating  any  tissue  with  which  it  comes  in  contact. 
The  common  use  of  disinfecting  fluids  containing  zinc  chloride, 
such  as  Burnett's  fluid,  leads  to  more  accidents  in  England  than 
in  any  other  European  country.  Of  twenty-six  cases  of  poisoning 
by  this  agent,  twenty-four  occurred  in  England,  and  only  two  on 
the  Continent.  Death  may  follow  the  external  use  of  zinc 
chloride.  Some  years  ago,  a  quack  at  Barnstaple,  Devon,  applied 
zinc  chloride  to  a  cancerous  breast;  the  woman  died  Avith  all 
the  general  symptoms  of  poisoning  by  zinc,  and  that  metal  was 
found  in  the  liver  and  other  organs. 

The  symptoms  observed  in  fatal  cases  of  chloride  of  zinc 
poisoning  are — immediate  pain  in  the  throat,  and  burning  of  the 
lips,  tongue,  &c.  There  is  difficulty  in  swallowing,  an  increase 
in  the  secretion  of  saliva,  vomiting  of  bloody  matters,  diarrhoea, 
collapse,  coma,  and  death.  In  some  cases,  life  has  been  prolonged 
for  days;  but,  on  the  other  hand,  death  has  been  known  to  occur 
in  a  few  hours.  In  those  cases  in  which  either  recovery  has 
taken  place,  or  in  which  death  is  delayed,  nervous  symptoms 
rarely  fail  to  make  their  appearance.  In  a  case  recorded  by 
Dr,  R.  Hassall,  3  ounces  of  Burnett's  fluid  were  swallowed. 

*  Taylor  notices  this  case,  but  adds  that  she  died  in  three  days.  This  is 
a  mistake,  as  the  soup  was  taken  on  the  12th  of  June,  probably  at  mid- 
day, and  the  woman  died  on  the  13th,  at  8  p.m. 

t  Observations  toxicologiques  sur  le  zinc,  Annates  d'Hi/giine  Publique, 
July  1878,  p.  153. 
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The  usual  symptoms  of  intense  gastro-intestinal  irritation  ensued, 
but  there  was  no  purging  until  ^the  third  day;  after  the  lapse  of 
a  fortnight,  a  train  of  nervous  symptoms  set  in,  indicated  by  a 
complete  perversion  of  taste  and  smell.  In  other  cases,  aphonia, 
tetanic  affections  of  groups  of  muscles,  with  great  muscular 
weakness  and  impairment  of  sight,  have  been  noticed.  Very 
large  doses  of  zinc  chloride  have  been  recovered  from — e.g.,  a  man 
had  taken  a  solution  equivalent  to  about  1-3  grms.  (200  grains)  of 
the  solid  chloride.  Vomiting  came  on  immediately,  and  there 
was.  collapse,  but  he  recovered  in  sixteen  days.  On  the  other 
hand,  -38  grm.  (6  grains)  has  destroyed  life  after  several  weeks' 
illness. 

_  §  762.  Post-mortem  Appearances. — In  poisoning  by  sulphate  of 
zinc,  the  appearances  usually  seen  are  inflammation,  more  or  less 
intense,  of  the  mucous  membrane  of  the  stomach  and  bowels. 
In  the  museums  of  the  London  Hospitals,  I  could  only  find 
(1882)  a  single  specimen  preserved  illustrating  the  effects  of  this 
poison.  This  preparation  is  in  St.  George's  Hospital  museum, 
and  shows  (ser.  ix.,  43  and  198)  the  stomach  of  a  man  who 
died  from  zinc  sulphate,  and  whose  case  is  reported  in  the 
Lancet,  1859.  The  mucous  membrane  is  wrinkled  all  over  like 
a  piece  of  tripe;  when  recent  it  was  vascular  and  indurated,  but 
uniformly  of  a  dirty  grey  colour;  the  lining  membrane  of  the 
small  intestine  is  very  vascular,  and  in  the  duodenum  and  upper 
part  of  the  jejunum,  the  colour  is  similar  to  that  of  the  stomach, 
but  in  a  less  marked  degree;  the  stomach  and  intestines  are 
contracted. 

The  pathological  appearances  after   chloride   of  zinc  vary 
according  to  the  period  at  which  death  takes  place.   When  it  has 
occurred   within  a   few  hours,  the  lining  membrane  of  the 
mouth  and  gullet  shows  a  marked  change  in  texture,  being  white 
and  opaque,  the  stomach  hard  and  leathery,  or  much  corru- 
gated or  ulcerated.    In  cases  in  which  life  has  been  prolonged 
contractions  of  the  gullet  and  stomach  may  occur  very  similar  to 
those  caused  by  the  mineral  acids,  and  with  a  similar  train  of 
symptoms.    In  a  case  which  occurred  under  Dr.  Markham's  * 
observation,  a  person  died  ten  weeks  after  taking  the  fatal  dose 
the  first  symptoms  subsiding  in  a  few  days,  and  the  secondary 
set  of  symptoms  not  commencing  for  three  weeks.    Thev  then 
consisted  mainly  of  vomiting,  until  the   patient   sank  from 
exhaustion.    The  stomach  was  constricted  at  the  pyloric  end 
so  that  it  would  scarcely  admit  a  quill.  ' 

In  Guy's  Hospital  there  is  a  good  preparation,  179935,  from 

*  Med.  Times  and  Gazette,  June  11,  1859,  p.  595. 
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the  case  of  S.  R,  aged  twenty-two;  she  took  a  tablespoonful  of 
Burnett's  fluid,  and  died  in  about  fourteen  weeks.  There  were 
at  first  violent  vomiting  and  purging,  but  she  suffered  little  pain, 
and  in  a  day  or  two  recovered  sufficiently  to  move  about  the 
house;  but  the  vomiting  after  food  continued,  everything  being 
ejected  about  five  minutes  after  swallowing.  Before  death  she 
suff"ered  from  pneumonia.  The  stomach  is  seen  to  be  much 
contracted — five  inches  in  length;  it  is  ulcerated  both  near  the 
pylorus  and  near  the  gullet;  at  the  latter  part,  there  is  a  pouch- 
like portion  of  the  mucous  membrane  of  the  stomach  adherent 
to  the  spleen,  which  communicates  by  a  perforation  with  an 
abscess  formed  and  bounded  by  the  stomach,  diaphragm,  and 
spleen;  it  contained  3  oz.  of  dirty -looking  pus.  At  the  pylorus, 
in  the  centre,  there  is  a  second  perforation,  but  extravasation 
of  the  contents  is  prevented  by  the  adherent  omentum  and 
transverse  colon.    The  muscular  coats  are  thickened. 

§  763.  Detection  of  Zinc  in  Organic  Liquids  or  Solids. — In  cases 
where  the  poison  has  been  expelled  from  the  stomach  by  vomiting, 
the  muscles  and  bones  would  appear  to  be  the  best  tissues  to 
examine  chemically;  for  Matzkewitsch  investigated  very  care- 
fully a  dog  poisoned  by  100  parts  of  zinc,  subcutaneously  injected 
in  the  form  of  acetate,  and  found  it  distributed  over  the  several 
organs  of  the  body  in  the  following  ratios: — Muscles  60-5,  bones 
35-49,  stomach  and  intestines  4  63,  skin  3-70,  place  of  injection 
2-19,  liver  1-75,  lungs  and  heart  1-68,  kidneys,  bladder,  and 
urine  1"14. 

The  only  certain  method  of  detection  is  to  produce  the  sulphide 
of  zinc,  best  eff'ected  by  saturating  a  neutral  or  feebly  acid  liquid 
with  hydric  sulphide.  If  an  organic  liquid  which  can  be  easily 
filtered,  is  operated  upon,  it  may  be  strongly  acidulated  with 
acetic  acid,  and  at  once  treated  with  hydric  sulphide.  If,  how- 
ever, zinc  is  sought  for  as  a  part  of  a  systematic  examination  (as 
will  most  likely  be  the  case),  the  substance  will  have  been  treated 
with  hydrochloric  acid,  and  already  tested  for  arsenic,  antimony, 
lead,  (fee,  and  filtered  from  any  precipitate.  In  such  a  case  the 
hydrochloric  acid  must  first  be  replaced  by  acetic,  which  is 
effected  by  adding  a  slight  excess  of  sodic  acetate;  the  right 
quantity  of  the  latter  is  easily  known,  if  the  hydrochloric  acid 
originally  added  was  carefully  measured,  and  its  specific  gravity 
ascertained;  3-72  of  crystallised  sodic  acetate  saturating  one  of 
HOI.  Lastly,  should  the  distillation  process,  given  at  p.  55, 
have  been  adopted,  the  contents  of  the  retort  will  only  requu-e 
to  be  treated  with  water,  filtered,  and  saturated  with  sulphuretted 
hydrogen.  In  any  of  the  above  cases,  should  a  white,  dirty-white 
or  lightish-coloured  precipitate  (which  is  not  sulphur)  be  thrown 
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down,  zinc  may  be  suspected;  it  will,  however,  be  absolutely- 
necessary  to  identify  the  sulphide,  for  there  are  many  sources  of 
error.  The  most  satisfactory  of  all  identifications  is  the  production 
of  Rinman's  green.  The  supposed  sulphide  is  dissolved  off  the 
tilter  with  hot  nitric  acid,  a  drop  or  more  (according  to  the 
quantity  of  the  original  precipitate)  of  solution  of  cobalt  nitrate 
added,  the  solution  precipitated  with  cai-bonate  of  soda  and 
boiled,  to  expel  all  carbonic  anhydride;  the  precipitate  is  then 
collected  on  a  filter,  Avashed,  dried,  and  ignited  in  a  platinum 
dish.  If  zinc  be  present  in  so  small  a  proportion  as  1-100,000 
part,  the  mass  will  be  permanently  green. 

§  764.  Other  methods  of  procedure  are  as  follows: — The 
supposed  zinc  sulphide  (after  being  well  washed)  is  collected  in 
a,  porcelain  dish,  and  dissolved  in  a  few  drops  of  sulphuric  acid, 
filtered,  nitric  acid  added,  evaporated  to  dryness,  and  heated  to 
destroy  all  organic  matter.  When  cool,  the  mass  is  treated  with 
water  acidulated  by  sulphuric  acid,  and  again  filtered.  The 
solution  may  contain  iron  as  well  as  zinc,  and  if  the  former  (on 
testing  a  drop  with  ferrocyanide  of  potash)  appears  in  any 
quantity,  it  must  be  separated  by  the  addition  of  ammonia  in 
excess  to  the  ammoniacal  filtrate;  sodic  carbonate  is  added  in 
excess,  the  liquid  well  boiled,  and  the  precipitate  collected  on  a 
filter  and  washed.  The  carbonate  of  zinc  thus  obtained  is 
converted  into  zinc  oxide  by  ignition,  and  weighed.  If  oxide 
of  zmc,  it  will  be  yellow  when  hot,  white  when  cold:  it  will 
dissolve  in  acetic  acid;  give  a  white  precipitate  with  sulphuretted 
hydrogen;  and,  finally,  if  heated  on  charcoal  in  the  oxidisin.^ 
flame,  and  moistened  with  cobalt  nitrate  solution,  a  green  colon? 
will  result.  Zmc  may  also  be  separated  from  liquids  by  elec- 
trolysis. The  simplest  way  is  to  place  the  fluid  under  examina- 
tion m  a  platinum  dish  of  sufficient  size,  acidify,  and  insert  a 
piece  of  magnesium  tape.  The  metallic  film  so  obtained  may  be 
dissolved  by  hydrochloric  acid,  and  the  usual  tests  applied 


2.  NICKEL-COBALT. 


§  765.  The  salts  of  nickel  and  cobalt  have  at  present  no 
toxicological  importance  although,  from  the  experiments  of 
Anderson  Stuart,*  both  may  be  classed  as  poisonous  The 

*  "Nickel  and  Cobalt;  their   Plivsiolocrical    Af+inn   ^„  a  •  , 

Organism,"  by  T.  P.  Anderson  «tu?rt    Siij^rmro/ L^^'^""' 
P%sio^.,  vol.  xvii.,  Oct.,  1882.  ovwrnai  oj  Anat.  and 
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experiments  of  Gmelin  had,  prior  to  Stuart's  researches,  shown 
that  nickel  sulphate  introduced  into  the  stomach  acted  as  an 
irritant  poison,  and,  if  introduced  into  the  blood,  caused  death 
by  cardiac  paralysis.  Anderson  Stuart,  desiring  to  avoid  all 
local  irritant  action,  dissolved  nickel  carbonate  in  acid  citrate  of 
soda  by  the  aid  of  a  gentle  heat;  he  then  evaporated  the  solution, 
and  obtained  a  glass  which,  if  too  alkaline,  was  neutralised  by 
citric  acid,  until  its  reaction  approximated  to  the  feeble  alkalinity 
of  the  blood ;  the  cobalt  salt  was  produced  in  the  same  way.  The 
animals  experimented  on  Avere  frogs,  fish,  pigeons,  rats,  guinea- 
pigs,  rabbits,  cats,  and  dogs — in  all  200.  The  lethal  dose  of 
nickelous  oxide,  when  subcutaneously  injected  in  the  soluble 
compound  described,  was  found  to  be  as  follows  : — frogs  -08  grm, 
per  kilogram;  pigeons  -06;  guinea-pigs  -030;  rats  -025;  cats 
•01;  rabbits  "009;  and  dogs  -007.  The  cobaltous  oxide  was 
found  to  be  much  less  active,  requiring  the  above  doses  to  be 
increased  about  two-thirds.  In  other  respects,  its  physiological 
action  seems  to  be  very  similar  to  that  of  nickelous  oxide. 

§  766.  Symptoms — Frogs. — A  large  dose  injected  into  the 
dorsal  lymph  sac  of  the  frog,  causes  the  following  symptoms:— 
The  colour  of  the  skin  all  over  the  body  becomes  darker  and 
more  uniform,  and  not  infrequently  a  white  froth  is  abundantly 
poured  over  the  integument.  In  an  interval  of  about  twenty 
minutes  the  frog  sits  qviietly,  the  eyes  retracted  and  shut;  if 
molested,  it  moves  clumsily.  When  quiet,  the  fore  limbs  are 
weak,  and  the  hind  legs  drawn  up  very  peculiarly,  the  thighs 
being  jammed  up  so  against  the  body,  that  they  come  to  lie  on 
the  dorsal  aspect  of  the  sides  of  the  frog,  and  the  legs  are  so 
much  flexed  that  the  feet  lie  on  the  animal's  back,  quite  internal 
to  the  plane  of  the  thighs.  Soon  fibrillary  twitchings  are 
observed  in  the  muscles  of  the  abdominal  wall,  then  feeble 
twitchings  of  the  fingers,  and  muscles  of  the  fore  limbs  generally; 
lastly,  the  toes  are  seen  to  twitch,  and  then  the  muscles  of  the 
hind  limbs— this  order  is  nearly  always  observed;  now  spasmodic 
craping  and  incoordinate  movements  are  seen,  and  the  general 
aspect  is  not  unlike  the  symptoms  caused  by  picrotoxin.  After 
this,  tetanus  sets  in,  and  the  symptoms  then  resemble  those  of 
strychnine;  the  next  stage  is  stupefaction  and  voluntary  motor 
paresis;  the  respiratory  movements  become  feeble,  and  the 
paresis  passes  into  paralysis.  The  heart  beats  more  and  more 
slowly  and  feebly,  and  death  gradually  and  imperceptibly  super- 
venes. The  post-mortem  appearances  are  well  marked — i.e.,  rigor 
mortis,  slight  congestion  of  the  alimentary  tract,  the  heart, 
with  the  auricle  much  dilated  and  filled  with  dark  blood,  the 
ventricle,  mostly  small,  pale,  and  semi-contracted.    For  some 
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time  after  death,  the  nerve  trunks  and  muscles  react  to  the 
induction  current. 

Pigeons. — In  experiments  on  pigeons,  the  symptoms  were 
those  of  dulness  and  stupor,  jerkings  of  different  sets  of  muscles, 
and  then  death  quietly. 

Guinea-jngs. — -In  guinea-pigs,  there  were  dulness  and  stupefac- 
tion, with  some  weakness  of  the  hind  limbs. 

JRais. — The  symptoms  in  rats  were  almost  entirely  nervous; 
they  became  drowsy  and  apathetic,  and  there  was  paralysis  of 
.  the  hind  legs. 

Babbits. — In  rabbits,  also,  the  symptoms  were  mainly  those 
caused  by  an  affection  of  the  nervous  system.  There  was 
paralysis,  which  affected  either  the  hind  legs  only,  or  all  four 
limbs.  The  cervical  muscles  became  so  weak  that  the  animal  was 
unable  to  hold  its  head  up.  Diarrhoea  occurred  and  persisted 
until  death.  If  the  dose  is  not  large  enough  to  kill  rapidly,  the 
reflex  irritability  is  decidedly  increased,  so  that  the  slightest 
excitation  may  cause  the  animal  to  cower  and  tremble  all  over. 
Now  appear  twitchings  and  contractions  of  single  groups  of 
muscles,  and  this  excitement  becomes  general.  The  respirations 
also  become  slower,  and  more  difficult,  and  sometimes  there  is 
well-marked  dilatation  of  the  vessels  of  the  ears  and  fundi  oculi. 
Convulsions  close  the  scene. 

§  767.  Circulation. — The  effect  of  the  salt  on  the  frog's  heart  was 
also  studied  in  detail.  It  seems  that,  undfer  the  influence  of  a 
soluble  salt  of  nickel,  the  heart  beats  more  and  more  slowly,  it 
becomes  smaller  and  paler,  and  does  not  contract  evenly  through- 
out the  whole  extent  of  the  ventricle;  but  the  rhythm  of  the 
ventricular  and  auricular  contractions  is  never  lost. 

It  is  probable  that  there  is  a  vaso-motor  paralysis  of  the 
abdominal  vessels;  the  blood-pressure  falls,  and  the  heart  is  not 
stimulated  by  the  blood  itself  as  in  its  normal  state.  In  support 
of  this  view,  it  is  found  that,  by  either  pressing  on  the  abdomen 
or  simply  inverting  the  frog,  the  heart  swells  up,  fills  with  blood, 
and  for  a  time  beats  well.  • 

Nervous  System.— The  toxic  action  is  referable  to  the  central 
nervous  system,  and  not  to  that  of  peripheral  motor  nerve- 
endings  or  motor  nerve-fibres.  It  is  probable  that  both  nickel 
and  cobalt  paralyse  to  some  extent  the  cerebrum.  The  action 
on  the  nerve-centres  is  similar  to  that  of  platinum  or  barium 
and  quite  different  from  that  of  iron.  ' 

§  768.  Action  on  Striped  J/wsc^e.— ISTeither  nickel  nor  cobalt  has 
any  effect  on  striped  muscle.  In  this  they  both  differ  from  arsenic 
antimony,  mercury,  lead,  and  iron— all  of  which,  in  large  doses' 


diminish  the  work  which  healthy  muscle  is  capable  of  perf( 
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§  769.  Separation  of  Nlchd  or  Cuhaltfrom  the  Organic  Matters  or 
Tissues. — It  is  very  necessary,  if  any  case  of  poisoning  should 
occur  by  either  or  both  of  these  metals,  to  destroy  completely  the 
organic  matters  by  the  processes  already  detailed  on  p.  55. 
Both  nickel  and  cobalt  are  throAvn  down,  if  in  the  form  of  acetate, 
from  a  neutral  solution  by  sulphuretted  hydrogen;  but  the 
precipitation  does  not  take  place  in  the  presence  of  free  mineral 
acid;  hence,  in  the  routine  process  of  analysis,  sulphuretted 
hydrogen  is  passed  into  the  acid  liquid,  and  any  precipitate 
filtered  oS.  The  liquid  is  now  made  almost  neutral  by  potassic 
carbonate,  and  then  potassic  acetate  added,  and  a  current  of 
sulphuretted  hydrogen  passed  through  it.  The  sulphides  of 
cobalt  and  nickel,  if  both  are  present,  will  be  thrown  down; 
under  the  same  circumstances  zinc,  if  present,  would  also  be 
precipitated.  Cobalt  is  separated  from  zinc  by  dissolving  the 
mixed  sulphides  in  nitric  acid,  precipitating  the  carbonates  of 
zinc  and  cobalt  by  potassic  carbonate,  collecting  the  carbonates, 
and,  after  washing,  igniting  them  gently  in  a  bulb  tube,  in  a 
current  of  dry  hydrochloric  acid;  A^olatile  zinc  chloride  is  formed 
and  distils  over,  leaving  cobalt  chloride. 

§  770.  To  estimate  cobalt,  sulphide  of  cobalt  may  be  dissolved 
in  nitric  acid,  and  then  precipitated  by  pure  potash;  the  pre- 
cipitate washed,  dried,  ignited,  and  weighed;  100  parts  of  cobal- 
tous  oxide  (CogO^)  equals  73-44  of  metallic  cobalt.  Cobalt  is 
separated  from  nickel  by  a  method  essentially  founded  on  one 
proposed  by  Liebig.  The  nitric  acid  solution  of  nickel  and  cobalt 
(which  must  be  free  from  all  other  metals,  save  potassium  or 
sodium)  is  nearly  neutralised  by  potassic  carbonate,  and  mixed 
with  an  excess  of  hydrocyanic  acid,  and  then  with  pure  caustic 
potash.  The  mixture  is  left  exposed  to  the  air  in  a  shallow  dish 
for  some  hours,  a  tripotassic  cobalticyanide  (KgCoCyg)  and  a 
nickelo-potassic  cyanide  (2KCy,  NiCy^)  are  in  this  Avay  produced; 
if  this  solution  is  now  boiled  with  a  slight  excess  of  mercuric 
nitrate,  hydrated  nickelous  oxide  is  precipitated,  but  potassic 
cobalticyanide  remains  in  solution,  and  may  be  filtered  off.  On 
carefully  neutralising  the  alkaline  filtrate  with  nitric  acid,  and 
adding  a  solution  of  mercurous  nitrate,  the  cobalt  may  then  be 
precipitated  as  a  mercurous  cobalticyanide,  which  may  be 
collected,  washed,  dried,  decomposed  by  ignition,  and  weighed  as 
cobaltous  oxide.  After  obtaining  both  nickel  and  cobalt  oxides, 
or  either  of  them,  they  may  be  easily  identified  by  the  blowpipe. 
The  oxide  of  nickel  gives,  in  the  oxidising  flame  with  borax,  a 
yellowish-red  glass,  becoming  paler  as  it  cools;  the  addition  of  a 
potassium  salt  colours  the  bead  blue.  In  the  reducing  flame  the 
metal  is  reduced,  and  can  be  seen  as  little  greyish  particles 
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disseminated  through  the  bead.  Cobalt  gives  an  intense  blue 
colour  to  a  bead  of  borax  in  the  oxidising  flame. 


IV.— PRECIPITATED  BY  AMMOITIUM  SULPHIDE. 


IRON — CnROMIUM — TIIALHUM. 


1.  IRON. 

§  771.  It  was  Orfila's  opinion  that  all  the  salts  of  iron  were 
poisonous,  if  given  in  sufficient  doses;  but  such  salts  as  the 
carbonate,  the  phosphate,  and  a  few  others,  possessing  no  local 
action,  may  be  given  in  such  very  large  doses,  without  causing 
disturbance  to  the  health,  that  the  statement  must  only  be  taken 
as  applying  to  the  more  soluble  iron  compounds.  The  two 
preparations  of  iron  which  have  any  forensic  importance  are  the 
perchloride  and  the  sulphate. 

§  772.  Ferric  Chloride  (re2Clg=325). — Anhydrous  ferric  chloride 
will  only  be  met  with  in  the  laboratory.  As  a  product  of  passing 
dry  chlorine  over  red-hot  iron,  it  sublimes  in  brown  scales,  is 
very  deliquescent,  and  hisses  when  thrown  into  water.  There 
are  two  very  definite  hydrates — one  with  6  atoms  of  water, 
forming  large,  red,  deliquescent  crystals ;  and  another  with  1 2  of 
water,  less  deliquescent,  and  crystallising  in  orange  stellate 
groups. 

The  pharmaceutical  preparations  in  common  use  are : — 
Strong  Solution  of  Perchloride  of  Iron  ( Liquor  Ferri  Ferchloridi 
Fortior).    An  orange-brown  liquid  of  specific  gravity  1-338,  and 
containing  about  52-88  parts  per  weight  of  ferric  chloride  in  every 
100  by  volume. 

Tioicture  of  Perchloride  of  Iron  (Tinctura  Ferri  Ferchloridi), 
made  by  diluting  5  parts  of  the  strong  solution  with  15  volumes 
of  rectified  spirit;  it  therefore  contains  about  1-31  per  cent, 
parts  by  weight  of  ferric  chloride  in  every  100  by  volume. 

Sohition  of  Perchloride  of  Iron  (Liquor  Ferri  Ferchloridi). 
Simply  5  volumes  of  the  strong  solution  made  up  to  20 
by  the  addition  of  water;  hence,  of  the  same  strength  as  the 
tincture. 


POISONS  :   THEIR  EFFECTS  AND  DETECTION.     [§  773,  774. 


§  773.  Effects  of  Ferric  Chloride  on  Animals.— A  very  elaborate 
series  of  researches  on  rabbits,  dogs,  and  cats  was  undertaken 
a  few  years  ago  by  MM.  Berenger-F^rraud  and  Porte*  to 
elucidate  the  general  symptoms  and  effects  produced  by  ferric 
chloride  under  varying  conditions.  First,  a  series  of  experiments 
showed  that,  when  ferric  chloride  solution  was  enclosed  in 
gelatine  capsules  and  given  with  the  food  of  the  animal,  it  produced 
either  no  symptoms  or  but  trifling  inconvenience,  even  when 
the  dose  exceeded  1  grm.  per  kilogrm. ;  anhydrous  ferric  chloride 
and  the  ferric  chloride  solution  were  directly  injected  into  the 
stomach,  yet,  when  food  was  present,  death  did  not  occur  and  the 
effects  soon  subsided.  In  animals  which  were  fasting,  quantities 
of  the  ^  solution  equal  to  -5  grm.  per  kilogrm.  and  above  caused 
death  in  from  one  hour  to  sixteen  hours,  the  action  being  much 
accelerated  by  the  addition  of  alcohol,  as,  for  example,  in  the  case 
of  the  tincture:  the  symptoms  were  mainly  vomiting  and 
diarrhoea,  sometimes  the  vomiting  was  absent.  In  a  few  cases 
the  posterior  extremities  were  paralysed  and  the  pupils  dilated : 
the  urine  was  scanty  or  quite  suppressed;  death  was  preceded  by 
convulsions. 

§  774.  Effects  on  Man. — Perchloride  of  iron  in  the  form  of 
tincture  has  been  popularly  used  in  England,  from  its  supposed 
abortive  property,  and  is  sold  under  the  name  of  "steel  drops." 
It  has  been  frequently  taken  by  mistake  for  other  dark  liquids  ; 
and  there  is  at  least  one  case  on  record  in  which  it  was  proved  to 
have  been  used  for  the  purpose  of  murder.  The  latter  casef  is 
peculiarly  interesting  from  its  great  rarity;  it  occured  in 
Martinique,  in  1874-1876,  no  less  than  four  persons  being 
poisoned  at  different  dates.  All  four  were  presumed  to  have  had 
immoral  relations  with  a  certain  widow  X- — — ,  and  to  have  been 

poisoned  by  her  son.    In  three  of  the  four  cases,  viz..  Char  , 

Duf         and  Lab  ,  the  cause  of  death  seems  pretty  clear; 

but  the  fourth,  Ab  ,  a  case  of  strong  suspicion,  was  not 

sufficiently  investigated.    All  three  took  the  fatal  dose  in  the 

evening,  between  eight  and  nine  o'clock — Lab  the  27tli  of 

December,  1874;  Duf  ■  the  22nd  of  February,  1876;  and 

Char  on  the  14th  of  May,  1876.    They  had  all  passed  the 

day  in  tippling,  and  they  all  had  eaten  nothing  from  midday ;  so 
that  the  stomach  would,  in  none  of  the  three,  contain  any  solid 
matters.  The  chloride  was  given  to  them  in  a  glass  of  "  punch,'' 
and  there  was  strong  evidence  to  show  that  the  son  of  the 

*  iltude  sur  Vempoisonnemmt  par  le  percJdorure  defer,  par  MM.  Bdrengei-' 
Ferraud  et  Porte. — Annates  d'Hygiene  Publique,  1879. 
t  Fully  reported  in  Bdrenger-Ferraud's  paper,  loc.  cit. 
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widow  X  administered  it.  Char  died  after  about  thirteen 

hours'  illness;  Duf  and  Lab  after  sixty-five  hours'  illness; 

Ab          lived  from  three  to  four  days.      With  Char   the 

symptoms  were  very  pronounced  in  an  hour,  and  consisted 
essentially  of  violent  colicky  pain  in  the  abdomen  and  diarrhoea, 

but  there  was  no  vomiting;  Duf  had  also  great  pain  in  the 

abdomen  and  supression  of  the  tirine.   Lab  had  most  violent 

abdominal  pains;  he  was  constipated,  and  the  urinary  secretion 
Avas  arrested ;  there  was  besides  painful  tenesmus.  According  to 
the  experiments  of  Berenger-Ferraud  and  Porte,*  the  perchloride 
in  the  above  cases  was  taken  under  conditions  peculiarly 
favourable  for  the  development  of  its  toxic  action — viz.,  on  an 
empty  stomach  and  mixed  with  alcohol. 

There  have  been  several  cases  of  recovery  from  large  doses  of 
the  tincture — e.g.,  that  of  an  old  man,  aged  seventy-two,  who  had 
swallowed  85  cc.  (3  oz.)  of  the  tincture;  the  tongue  swelled,  there 
were  croupy  respiration,  and  feeble  pulse,  but  he  made  a  good 
recovery.  In  other  casesf  28-3  cc.  (an  oz.)  and  more  have  caused 
vomiting  and  irritation  of  the  urinary  organs.  The  perchloride 
is  not  unfrequently  used  to  arrest  hsemorrhage  as  a  topical 
application  to  the  uterine  cavity — a  practice  not  free  from  danger, 
for  it  has  before  now  induced  violent  inflammation  and  death 
from  peritonitis. 

§  775.  Elimination  of  Iron  Chloride.— Most  of  the  iron  is  ex- 
creted in  the  form  of  sulphide  by  the  fseces,  and  colours  them  of  a. 
black  hue;  a  smaller  portion  is  excreted  by  the  urine. 

§  776.  Post-mortem  A2Jpearances. — In  the  experiments  on 
animals  already  referred  to,  the  general  changes  noted  were 
dryness,  pallor,  and  parchment-like  appearance  of  the  cavity  of 
the  mouth,  the  mucous  membrane  being  blackened  by  the  con- 
tact of  the  liquid.  The  gullet  was  pale  and  dry,  not  unfrequently 
covered  with  a  blackish  layer.  The  mucous  membrane  of  the 
stomach  was  generally  healthy  throughout;  but,  if  the  dose 
was  large  and  very  concentrated,  there  might  be  one  or  more 
hyperajmic  spots;  otherwise,  this  did  not  occur.  The  internal 
surface  of  the  intestines,  similarly,  showed  no  inflammation,  but 
was  covered  with  brownish  coating  which  darkened  on  exposxire 
to  the  air.  The  liver,  in  all  the  experiments,  was  large  and 
gorged  with  black  and  fluid  blood;  there  were  ecchymoses  in  the 
lungs  and  venous  congestion.    The  kidneys  were  usually  hyper- 

*  Dub.  Med.  Press,  Feb.,  21,  1849. 
«'p£?^ri"""^  ^o^^rmZ  April  7  and  21,  1847,  p.  180;  see  also  Taylor's 
2iidESion  ^^^^t^ce  of  Medical  Jurisprudence,"  vol.  i.,  p.  320. 
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semic,  and  contained  little  haamorrhages.  There  was  also  general 
encephalic  engorgement,  and  in  one  experiment  intense  congestion 
of  the  meninges  was  observed.  Few  opportunities  have  presented 
themselves  for  pathological  observations  relative  to  the  effects 
produced  by  ferric  chloride  on  man.  In  a  case  related  by  Christi- 
son,  in  which  a  man  swallowed  42 -ice.  (one  and  a  half  ounce)  of 
the  tincture,  and  died  in  five  weeks,  there  was  found  thickening 
and  inflammation  of  the  pyloric  end  of  the  stomach. 

The  case  of  Char  ,  already  alluded  to,  is  that  in  which  the 

most  complete  details  of  the  autopsy  are  recorded,  and  they 
coincide  very  fairly  with  those  observed  in  animals;  the  tongue 
was  covered  Avith  a  greenish  fur,  bordered  at  the  edges  with  a 
black  substance,  described  as  being  like  "mud;"  the  lining 
membrane  of  the  gullet  was  pale,  but  also  covered  with  this 
dark  "mud."  The  stomach  contained  a  greenish-black  liquid;  the 
liver  was  large  and  congested;  the  kidneys  were  swollen,  con- 
gested, and  ecchymosed;  the  cerebral  membranes  were  gorged 
with  blood,  and  the  whole  brain  hyperfemic. 

§  777.  Ferrous  Sulphate,  Copperas,  or  Green  Vitriol — FeS047Il20 
=  132-)- 126;  specific  gravity,  anhydrous,  3-138,  crystals  1'857; 
composition  in  100  parts,  FeO  25-92;  SOg  28-77;  HgO  45-32. 
This  salt  is  in  beautiful,  transparent,  bluish-green,  rhoniboidal 
prisms.  The  crystals  have  an  astringent,  styptic  taste,  are 
insoluble  in  alcohol,  but  dissolve  in  about  1-5  times  their  weight 
of  water;  the  commercial  article  nearly  always  responds  to  the 
tests,  both  for  ferrous  and  ferric  salts,  containing  a  little  per- 
salt.  The  medicinal  dose  of  this  salt  is  usually  given,  as  from 
•0648  to  -324  grm.  (  1  to  5  grains),  but  it  has  been  prescribed  in 
cases  requiring  it  in  gramme  (15-4  grains)  doses  without  injury. 
Sulphate  of  iron  has  many  technical  applications;  is  employed  by 
all  shoemakers,  and  is  in  common  use  as  a  disinfectant.  The  salt 
has  been  employed  for  criminal  purposes  in  France,  and  in  this 
country  it  is  a  popular  abortive.  In  i-ecorded  cases  the  symptoms, 
as  well  as  the  pathological  appearances,  have  a  striking  resem- 
blance to  those  produced  by  the  chloride.  There  are  usually  colic, 
vomiting  and  purging,  but  in  one  case  (reported  by  Ohevallier), 
in  which  a  man  gave  a  large  dose  of  sulphate  of  iron  to  his  wife, 
there  was  neither  vomiting  nor  colic;  the  woman  lost  her  appetite, 
but  slowly  recovered.  Probably  the  action  of  ferrous  sulphate, 
like  that  of  the  chloride,  is  profoundly  modified  by  the  presence 
or  absence  of  food  in  the  stomach.  Anything  like  28-3  grms. 
(an  ounce)  of  sulphate  of  iron  must  be  considered  a  dangerous 
dose,  for,  though  recovery  has  taken  place  from  this  quantity,  the 
symptoms  have  been  of  a  violent  kind. 

§  778.  Search  for  Iron  Salts  in  the  Contents  of  the  Stomach,  d-c— 
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Iron,  being  a  natural  component  of  the  body,  care  must  be  taken 
not  to  confound  the  iron  of  the  blood  or  tissues  with  the  "  iron  "  of 
a  soluble  salt.  Orfila  attempted  to  distinguish  between  the  two 
kinds  of  iron  by  treating  the  contents  of  the  stomach,  the  in- 
testines, and  even  the  tissues,  with  cold  acetic  acid,  and  allowing 
them  to  digest  in  it  for  many  hours,  before  filtering  and  testing 
for  iron  in  the  filtrate — and  this  is  generally  the  process  which 
has  been  adopted.  The  acid  filtrate  is  first  treated  with  sul- 
phuretted hydrogen,  which  gives  no  precipitate  with  iron,  and 
then  with  sulphide  of  ammonium,  which  precipitates  iron  black. 
The  iron  sulphide  may  be  dissolved  by  a  little  hydrochloric  acid 
and  a  drop  of  nitric  acid,  and  farther  identified  by  its  forming 
Prussian  blue  when  tested  by  ferrocyanide  of  potash,  or  by  the 
bulky  precipitate  of  oxide,  when  the  acid  liquid  is  alkalised  by 

ammonia.    In  the  case  of  Duf  ,  the  experts  attempted  to 

prove  the  existence  of  foreign  iron  in  the  liver  by  taking  100 
grms.  of  Duf  's  liver,  and  100  grms.  of  the  liver  of  a  non- 
poisoned  person,  and  destroying  each  by  nitro-muriatic  acid,  and 

estimating  in  each  acid  solution  the  ferric  oxide.    Duf  's  liver 

yielded  in  100  parts  -08  mgrm.  of  ferric  oxide,  the  normal  liver 
•022 — nearly  three  times  as  much  Duf  's. 

To  obtain  iron  from  the  urine,  the  fiuid  must  be  evaporated 
down  to  a  syrup  in  a  platinum  dish,  a  little  niti'ic  acid  added, 
heated,  and  finally  completely  carbonised.  The  residue  is  dis- 
solved in  hydrochloric  acid.  Normal  urine  always  contains  an 
unweighable  trace  of  iron ;  and,  therefore,  any  quantity,  such  as  a 
mgrm.  of  ferric  oxide,  obtained  by  careful  precipitation  of  the 
hydrochloric  acid  solution  out  of  200  to  300  cc.  of  urine,  would  be 
good  evidence  that  a  soluble  salt  of  iron  had  been  taken.  The 
hydrochloric  acid  solution  is  first  precipitated  by  ammonia  and 
ammonic  sulphide.  The  precipitate  thus  obtained  will  not  be'  pure 
iron  sulphide,  but  mixed  with  the  earth  phosphates.  It  should 
be  redissolved  in  HCl,  precipitated  by  sodic  carbonate,  and  then 
acidified  by  acetic  acid  and  sodic  acetate  added,  and  the  solution 
well  boiled;  the  iron  will  then  be  precipitated  for  the  most  part 
as  oxide  mixed  with  a  little  phosphate  of  iron. 

Since,  as  before  mentioned,  a  great  portion  of  the  iron  swallowed 
as  a  soluble  salt  is  converted  into  insoluble  compounds  and  ex- 
creted by  the  f^ces,  it  is,  in  any  case  where  poisoning  by  iron  is 
suspected,  of  more  importance  to  examine  chemically  the  ficces 
and  the  whole  length  of  the  alimentary  canal,  than  even  the 
contents  of  the  stomach.  In  particular,  any  black  material  lyint^ 
on  the  mucous  membrane  may  be  sulphide  of  iron  mixed  with 
mucus,  (fee,  and  should  be  detached,  dissolved  in  a  little  hydro- 
chloric acid,  and  the  usual  tests  applied. 
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In  the  criminal  cases  alluded  to,  there  were  iron  stains  on 
certain_  linen  garments  -which  acquired  an  importance,  for,  on 
dissolving  by  the  acid  of  nitric  acid,  they  gave  the  reactions  of 
chlorine  and  iron.  Any  stains  found  should  be  cut  out,  steeped 
m  water,  and  boiled.  If  no  iron  is  dissolved  the  stain  should 
then  be  treated  with  dilute  nitric  acid,  and  the  liquid  tested  with 
ferrocyanide  of  potash,  &c.  It  need  scarcely  be  observed  that 
iron-mould  is  so  common  on  shirts  and  any  fabric  capable  of 
being  washed,  that  great  care  must  be  exercised  in  drawing 
conclusions  from  insoluble  deposits  of  the  oxide. 

2.  CHROMIUM. 

§  779.  The  only  salts  of  chromium  of  toxicological  importance 
are  the  neutral  chromate  of  potash,  the  bichromate  of  potash, 
and  the  chromate  of  lead. 

Neutral  Chromate- of  Potash. — Cr03K20  =  194-7,  containing 
56 '7  per  cent,  of  its  weight  of  chromic  anhydride,  OrOg.  This 
salt  is  in  the  form  of  citron-yellow  rhombic  crystals,  easily 
soluble  in  water,  but  insoluble  in  alcohol.  Its  aqueous  solution 
is  precipitated  yellow  by  lead  or  baric  acetate;  the  precipitate 
being  insoluble  in  acetic  acid.  If  chromate  of  potash  in  solution 
is  tested  with  silver  nitrate,  the  red  chromate  of  silver  is  thrown 
down;  the  precipitate  is  with  difficulty  soluble  in  dilute  nitric 
acid. 

§  780.  Potassic  bichromate. — SCrOgKaO  =  295-2,  containing 
68-07  per  cent,  of  its. weight  of  chromic  anhydride,  OrOg.  This 
salt  is  in  beautiful  large,  red,  transparent,  four-sided  tables;  it 
is  anhydrous  and  fuses  below  redness.  At  a  high  temperature, 
it  is  decomposed  into  green  oxide  of  chromium  and  yellow 
chromate  of  potash.  It  is  insoluble  in  alcohol,  but  readily 
soluble  in  water.  The  solution  gives  the  same  precipitates  with 
silver,  lead,  and  barium  as  the  neutral  chromate.  On  digesting 
a  solution  of  the  bichromate  with  sulphuric  acid  and  alcohol, 
the  solution  becomes  green  from  the  formation  of  chromic 
oxide. 

§781.  Neutral  Lead  Chromate.— PhGrO^  =  323-5,  composition 
in  100  parts,  PbO  68-94,  OrOg  31-06.  This  is  technically 
known  as  "  Chrome  Yellow,"  and  is  obtained  as  a  yellow  pre- 
cipitate whenever  a  solution  of  plumbic  acetate  is  added,  either 
to  the  solutions  of  potassic  chromate  or  bichromate;  by  adding 
chrome  yellow  to  fused  potassic  nitrate,  "chrome  red"  is 
formed;  it  has  the  composition  0rO32PbO.  Neutral  lead  chromate 
is  insoluble  in  acids,  but  may  be  dissolved  by  potassic  or  sodic 
hydrates. 
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§  782.  Use  in  the  Arts. — Potassic  bicliromate  is  extensively- 
used  in  the  arts — in  dyeing,  calico-printing,  the  manufacture  of 
porcelain,  and  in  photography;  the  neutral  chromate  has  been 
employed  to  a  small  extent  as  a  medicine,  and  is  a  common 
laboratory  reagent;  lead  chromate  is  a  valuable  pigment. 

§■783.  Effects  of  some  of  the  Chromium  Gonifounds  on  Animal 
Life. — In  the  chromates  of  potash  there  is  a  combination  of  two 
poisonous  metals,  so  that  it  is  not  surprising  that  Gmelin  found 
the  chloi-ide  of  chromium,  OrOlg,  less  active  than  the  neutral 
chromate  of  potash;  1-9  grm.  of  the  last  administered  to  a  rabbit 
by  the  stomach,  caused  death  within  two  hours,  while  3  grms. 
of  chromous  chloride  had  no  action.  Subcutaneous  doses  of  -2 
to  -4  grm.  of  neutral  chromate  (according  to  the  experiments  of 
E.  Gergens*  and  Oarl  Posnerf)  act  with  great  intensity  on 
rabbits.  Immediately  after  the  injection,  the  animals  are  restless, 
and  show  marked  dyspnoea;  death  often  takes  place  within  a 
few  hours. 

Diarrhoea  does  not  seem,  as  a  rule,  to  follow  when  the  salt  is 
administered  by  subcutaneous  injection  to  animals;  but  Gmelin's 
rabbits  had  considerable  diarrhoea  when  1-9  grm.  was  introduced 
into  the  stomach.    The  same  quantity,  injected  beneath  the 
skin  of  a  dog,  caused  loss  of  appetite,  and,  after  six  days,  there 
was  a  dry  exanthem  on  the  back,  and  the  hair  fell  off  in  patches  • 
there  was,  however,  neither  diarrhoea  nor  vomiting.  Bichromate 
of  potash  causes   (according  to  the  researches   of  Pelikan)t 
symptoms  similar  to  those  produced  by  arsenic  or  corrosive 
subhmate;  it  acts  as  a  powerful  irritant  of  the  stomach  and 
intestinal  canal,  and  may   even  cause  inflammation;   on  its 
absorption  a  series  of  symptoms  are  produced,  of  which  the 
most  prominent  are  albuminuria,  bloody  urine,  and  emaciation 
-trom  -^06  to  -36  grm.  (1-51  grains)  is  fatal  to  rabbits  and  dogs.  " 
^  /84.   Lj}ects  of  some  of  the  Chromium  Salts  on  Man— 
mchromate  Bisease.—ln   manufacturing  potassic  bichromate 
the  workmen  exposed  to  the  dust  have  suffered  from  a  very 
peculiar  tram  of  symptoms,  known  under  the  name  of  "bichro 
mate  disease.     It  was  first  described  in  England  by  Dr  B  W 
Eichardson.§  It  appears  that  if  the  workmen  inspire  the  particles 

1875^'''^'''^'  ^l^ctrmakol,  Bd.  6,  Hffc.  1  and  2,  g  148, 

t  Virchow's  Archivf.  Path.  ^?ia<.,Bd.  79,  Hft  2  8  IRqft 

big  itsT  ^'^'^rmMynaml^  WUrz- 

§  Brit,  and  For.  Med.  Chirurn.  Heview  Oof  1  Sfi^?     Q„«  „i 
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chiefly  through  the  mouth,  a  bitter  and  disagreeable  taste  is 
experienced,  with  an  increase  of  saliva.  This  increase  of  the 
buccal  secretion  gets  rid  of  most  of  the  poison,  and  in  that  case 
but  little  ill  effect  is  experienced;  but  those  who  keep  the  mouth 
closed  and  inspire  by  the  nose,  sufler  from  an  inflammation  of 
the  septum,  which  gradually  gets  thin  and  ultimately  ulcerated; 
finally  the  whole  of  the  septum  is  in  this  way  destroyed.  It  is 
stated  that  when  a  workman  has  lost  his  nasal  septum,  he  no 
longer  suffers  from  nasal  irritation,  and  has  a  remarkable 
immunity  from  catarrh.  The  bichromate  also  causes  painful 
skin  affections — eruptions  akin  to  eczema  or  psoriasis;  also 
very  deep  and  intractable  ulcerations.  These  cutaneous  maladies 
start  from  an  excoriation;  so  long  as  the  skin  is  not  broken, 
there  seems  to  be  little  local  effect,  if  any.  The  effects  of  the 
bichromate  are  also  seen  in  horses  employed  at  the  factories ;  the 
salt  getting  into  a  wound  or  crack  in  the  leg,  produces  ulcera 
tion:  horses  may  even  lose  their  hoofs. 

§  785.  Acute  poisoning  by  the  chromates  is  rare.  Falck  has, 
however,  been  able  to  find  in  medical  literature  seventeen  cases, 
six  of  which  were  suicidal,  ten  accidental,  and  in  one  the 
bichromate  was  used  as  an  abortive.  In  a  case  of  poisoning 
by  the  chromate  of  potash  (related  by  Maschka),*  in  which  a 
woman,  aged  twenty -five,  took  for  a  suicidal  purpose  a  piece  of 
potassic  chromate,  which  she  described  as  the  size  of  a  hazel  nut 
(it  would  probably  be  at  least  6  grms.  in  weight) — the  chief 
symptoms  were  vomiting,  diarrhosa,  pain  in  the  stomach,  and 
rapid  collapse;  death  took  place  fourteen  hours  after  swallowing 
the  poison. 

In  poisoning  by  potassic  bichromate,  there  may  be  much 
variety  in  the  symptoms,  the  more  usual  being  those  common 
to  all  irritant  poisons— i.e.,  vomiting,  diarrhoea,  and  collapse 
with  cramps  in  the  limbs  and  excessive  thirst;'  and  the  rarer 
affecting  more  especially  the  nervous  system  —such  as  narcosis, 
paralysis  of  the  lower  limbs,  and  dilatation  of  the  pupils; 
occasionally  there  is  slight  jaundice. 

In  a  case  recently  recorded  by  Dr.  Macniven,t  a  man  took  a 
lump  of  bichromate  of  potash,  estimated  to  be  over  2  drachms 
(7-7  <rrms.).  The  symptoms  commenced  in  fifteen  minutes,  and 
consisted  of  lightness  in  the  head,  and  a  sensation  of  great  heat 
in  the  body,  which  was  followed  by  a  cold  sweat;  m  twenty 

*  Frarjer  Viertdjahrsschr.  f.  d.  Prakt.  B*!-  l^l'  §  37.  1877. 

Schmidt's  Jahrb.  1878,  Bd.  178,  g  237.    See  also  Schuchardt  in  Maschkas 

Handbuch,  Bd.  ii.,  p.  3.  ,  t.  i.   i  i>  \.„  VA  O 

t  "On  a  case  of  Poisoning  with  Bichromate  of  Potash,    by  li^a.  kj. 

Macniven,  M.B. — Lancet,  Sept.  22nd,  1883.  » 
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minutes  he  vomited;  lie  then  suffered  from  great  pain  in  the 
stomach,  giddiness,  specks  before  the  eyes,  a  devouring  thirst, 
and  there  was  loss  of  power  over  the  legs.  These  symptoms, 
again,  were  followed  by  severe  rigours  and  great  coldness  of  the 
extremities.  On  the  patient's  admission  to  hospital,  two  hours 
after  taking  the  poison,  it  was  noted  that  the  pupils  were 
dilated,  the  face  pale  and  cold,  and  the  pulse  feeble.  He  com- 
plained of  intense  epigastric  pain,  and  a  feeling  of  depression; 
there  was  some  stupor;  the  stomach  was  emptied  by  emetics  and 
by  the  stomach-pump,  and  the  patient  treated  with  tepid  emol- 
lient drinks,  whilst  subcutaneous  doses  of  sulphuric  ether  were 
administered.    He  made  a  good  recovery. 

In  a  case  recorded  by  Mr.  Wilson,*  a  man,  aged  sixty-four, 
was  found  dead  in  his  bed  twelve  hours  after  he  had  gone  to 
rest.  During  the  night  he  was  heard  to  snore  loudly;  there  were 
no  signs  of  vomiting  or  purging,  and  bichromate  of  potash  was 
found  in  the  stomach,  f 

§  786.  Chromate  of  lead  has  also  caused  death.  In  one  casej 
the  breathing  of  chromate  of  lead  dust  seems  to  have  been  fatal; 
and  there  is  also  a  double  poisoning  recorded  by  Dr.  Linstow.§ 
of  two  children,  aged  three  and  a-half  and  one  and  three-quarter 
years  respectively,  who  eat  some  yellow  ornaments,  |1  which  were 
used  to  adorn  a  cake,  and  which  contained  chrome  yellow 
(chromate  of  lead).  The  younger  died  in  two  and  the  elder  in 
five  days.  The  symptoms  were  redness  of  the  face,  dullness,  and 
an  inclination  to  sleep;  neither  complained  of  pain;  the  younger 
one  had  a  little  diarrhea,  but  the  elder  neither  sickness  nor 
purging. 

§  787.  Post-mortem  Appearances.— We  possess  some  very  exact 
researchesH  upon  the  pathological  changes  induced  by  subcutane- 
ous injections  of  solutions  of  potassic  bichromate  on  animals  and 
especially  on  the  changes  which  the  kidneys  undergo.  If  the  animal 
IS  killed,  or  dies  a  few  hours  after  the  injection,  there  is  apparently 
no  striking  appearances,  but  a  closer  microscopical  examination 

*  iVed.  Gazette,  p.  33,  734. 
T  t  '^A^?^  recorded  by  Dr.  M'Lachlan,  Glasgow  Med.  Journ 

■Jim.  dist,  ibbO ;  and  Dr.  Diuibar  Walker.  Ibid    Spnt    ovm,  ic7o 
sun^n^ary  of  all  of  which  may  be  found  in  Dr.  klSven'^pV^^^^^ 
:  Ueher  toMiche  Vergzjtun;,  durch  Einathmen  des  Staubeslon  mil  Chrom 

§  Ibid.,  Bd.  XX.,  s.  60.  I87i. 

II  The  ornaments  were  imitations  of  bees-  each  contninnrl  -Q-r 
tragacanth,  -0042  arm.  neutral  lead  chroS;         ^o^^'^'^^^d  27  grms.  gum 
IT  C.  Posner.    (y*.  cil. 
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shows  considerable  changes.  The  epithelium  of  the  tubuli 
contorti  exhibits  a  yello^y  cloudiness,  and  the  outline  of  the  cells 
is  irregular  and  jagged.  The  glomeruli  are  moderately  injected, 
and  their  capsules  contain  an  albuminous  exudation;  the 
canaliculi  are  filled  with  round  cells  imbedded  in  a  fluid  which, 
on  heating,  coagulates,  and  is  therefore  albuminous  or  fibrinous; 
probably  this  is  the  first  stage  of  the  formation  of  fibrinous  casts. 

In  the  case  quoted  of  the  woman  who  poisoned  herself  with 
potassic  chromate,  very  striking  changes  were  found  in  the 
stomach  and  intestines.    The  stomach  contained  above  a  litre  of 
dark  chocolate  fluid  of  alkaline  reaction;  the  mucous  membrane, 
in  the  neighbourhood  of  the  cardiac  and  pyloric  extremities,  was 
swollen  and  red  in  sharply  defined  patches;  portions  of  the 
epithelial  layer  were  detached,  the  rest  of  the  mucous  membrane 
was  of  a  yellow-brown  colour,  and  the  whole  intestine,  from  the 
duodenum  to  the  sigmoid  flexure,  was  filled  with  a  partly  bloody, 
partly  treacly-looking  fluid;  the  mucous  membrane,  throughout 
its  entire  extent,  was  swollen,  Avith  numerous  extravasations,  and 
in  places  there  were  losses  of  substance.    Similar  appearances 
to  these  have  been  found  in  other  instances;  the  anomalous  case 
recorded  by  Mr.  Wilson  (ante)  is  an  exception.   In  this  instance  a 
pint  of  inky,  turbid  liquid,  which  yielded  to  analysis  potassic 
bichromate,  was  found  in  the  stomach;  but  there  were  no  marked 
chancres  anywhere,  save  a  slight  redness  of  the  cardiac  end  oi  the 
mullet     In  Linstow's  two  cases  of  poisoning  by  lead  chromate, 
there  were  found  in  both  fatty  degeneration  of  the  liver  cells, 
and  red  points  or  patches  of  redness  in  the  stomach  and  intestines. 
In  the  elder  boy  the  changes  in  the  duodenum  were  very  intense, 
the  mucous  membrane  was  swollen  and  easily  detached,  m  the 
upper  part  strongly  injected  with  blood;  in  one  place  there  was 
a  perforation,  and  in  several  places  the  membrane  was  extremely 
thin.    In  the  younger  boy  the  kidneys  seem  to  have  been  normal, 
in  the  elder  congested  and  containing  pus.     Although  it  was 
clear  that  the  two  children  died  from  lead  chromate,  a  chemical 
analysis  gave  no  result.  .       r.j    o  jf„ 

&  788  detection  of  the  Ghromates  and  Separation  oj  the  baits  oj 
CJvromium  from  the  Contents  of  the  Stomach  <^<'.---^  ^  has 
methodical  examination  of  an  unknown  acid  liquid,  which  has 
been  already  filtered  from  any  precipitate  that  may  have  been 
oSned  byLlphuretted  hydrogen,  this  unknown  hquid  is  made 
:Sine  (t'he  a'lkali  only  "being  added  in  f  e.ces^  and 
hvdrated  chromic  oxide  is  thrown  down  and  mixed,  it  may  be 
S  othermetals  of  the  second  class,  the  Fe-pitate 
fused  with  nitre  and  potassic  carbonate,  and  -11^^^^,??^^^ 
chromate,  soluble  in  water,  and  recognised  by  the  red  piecipi 
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which  it  gives  with  silver  nitrate,  the  yellow  with  lead  acetate, 
and  the  green  colour  produced  by  boiling  with  dilute  sulphuric 
acid  and  a  little  alcohol  or  sugar.  If  by  treating  a  complex 
liquid  with  ammonium  hydrosulphide,  sulphides  of  zinc,  man- 
ganese and  iron  are  thrown  down  mixed  with  chromic  oxide,  the 
same  principles  apply.  If  a  chromate  is  present  in  the  contents 
of  the  stomach,  and  the  organic  fluid  is  treated  with  hydrochloric 
acid  and  potassic  chlorate,  chromic  chloride  is  formed,  and 
dissolving  imparts  a  green  colour  to  the  liquid — this  in  itself  will 
be  strong  evidence  of  the  presence  of  a  chromate,  but  it  should  be 
supplemented  by  throwing  down  the  oxide,  and  transforming  it 
in  the  way  detailed  into  potassic  chromate. 


3.  THALLIUM. 


§  789.  Thallium  was  discovered  by  Crookes  in  1861.  Its  atomic 
weight  is  204;  specific  gravity,  11-81  to  11-91;  melting  point,  290°. 
It  is  a  heavy  diamagnetic  metal,  very  similar  to  lead  in  its  physical 
properties.  The  nitrate  and  sulphate  of  thallium  are  both  soluble 
in  water,  the  carbonate  less  so,  requiring  about  25  parts  of  water 
lor  solution,  while  the  chloride  is  sparingly  soluble,  especially  in 
hydrochloric  acid. 

§  790.  Effects.~A\\  the  salts  of  thallium  are  poisonous.  One 
ot  the  earlier  experimenters  on  the  physiological  action,  Paulet, 
found  1  grm_.  (15-4  grains)  of  thallium  carbonate  suflicient  to 
kill  a  rabbit  m  a  few  hours;  there  were  loss  of  muscular  power, 
trembling  of  the  limbs,  and  death  apparently  from  asphyxia 
Lamy  *  used  thallium  sulphate,  and   found   that   dogs  were 
salivated,  and  sufi-gred  from  trembling  of  the  limbs,  followed  by 
paralysis.    The  most  definite  results  were  obtained  by  Marme  t 
who  found  that  -04  to  -06  grm.  of  a  soluble  thaUium  saft,  inTected 
subcutaneously  or  directly  into  the  veins,  and  -5  grm.  admin 
stered  through  the  stomach  of  rabbits,  caused  death."  The  action 
IS  cumulative,  and  something  like  that  of  mercury:  there  are 
redness  and  swelling  of  the  mucous  membrane  of  the  stomach 
with  mucous  bloody  discharges,  and   hemorrhage   may  also 
occur  from  the  lungs.     Thallium  is  eliminated%hrough  the 
urine  and  IS  also  found  in  the  feces;  it  passes  into  the  urSe 
from  three  to  five  minutes  after  injection:  the  elimination  is  slow 
often  taking  as  long  as  three  weeks.    It  has  been  found  in  S 
milk,  m  the  tears,  in  the  mucous  membrane  of  tlxe  moutii,  of  the 
*  Ohem.  News,  1863. 

t  OoUinger  Gdehrt.  Nachrichten,  Aug.  14,  Jfo.  20. 
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trachea,  in  the  secretion  of  the  gastric  mucous  membrane,  and  in 
the  pericardial  fluid;  and  in  these  places,  whether  the  poison  has 
been  introduced  by  subcutaneous  injection,  or  by  any  other 
channel.  It  seems  probable  that  the  reason  of  its  being  detected 
so  readily  in  all  the  secretions,  is  the  minute  quantity  which 
can  be  discovered  by  spectroscopic  analysis. 

§  791.  Separation  of  Thallium  from  Organic  Fluids  or  Tissues. 
— The  salts  of  thallium,  if  absorbed,  would  only  be  extracted  in 
traces  from  the  tissues  by  hydrochloric  acid,  so  that,  in  any 
special  search,  the  tissues  are  best  destroyed  by  either  sulphuric 
or  nitric  acid,  or  both.    In  the  ordinary  method  of  analysis, 
when  an  acid  liquid  is  first  treated  with  sulphuretted  hydrogen, 
and  then  made  alkaline  by  ammonia  and  ammonic  sulphide, 
thallium  would  be  thrown  down  with  the  manganese  and  iron 
of  the  blood.    From  the  mixed  sulphides,  thallium  may  be 
separated  by  oxidising  and  dissolving  the  sulphides  with  nitric 
acid,  evaporating  off  the  excess  of  acid,  dissolving  in  a  very  little 
hot  water,  and  precipitating  thallous  chloride  by  solution  of 
common  salt.    The  ease,  however,  with  which  thallium  may  be 
separated  from  solutions  of  its  salts  by  galvanism  is  so  great  as 
to  render  all  other  processes  unnecessary:  the  best  way,  therefore, 
is  to  obtain  a  deposit  of  the  metal  on  platinum  by  a  current 
from  one  or  more  cells,  and  then  to  examine  the  deposit  spectro- 
scopically.    Thallium  gives,  when  heated  in  a  Bunsen  flame,  a 
magnificent  green  line,  the  centre  of  which  corresponds  with 
wave  length  534-9;  a  second  green  line,  the  centre  of  which 
coincides  with  W.L.  568,  may  also  be  distinguished. 


Y.— ALKALINE  EAETHS. 


BARIUM. 


S  792.  The  soluble  salts  of  barium  are  undoubtedly  Po^sonous, 
and  are  of  frequent  occurrence  in  the  arts.  The  chloride  of 
bariuris  used^^n  the  staining  of  wool,  the  nitrate  and  he 
chSe  n  the  green  fires  of  the  pyrotechnist,  the  oxide  and  he 
ca  bonate  in  thf  manufacture  of  glass.  The  f^omate  ^ 
by  artists  under  the  name  of  "yellow  ultranianf?;  "l^^loZ. 
siphate,  technically  known  as  "permanent  white,  is,  on  accouni; 
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of  its  weight  and  cheapness,  occasionally  used  as  an  adulterant 
of  white  powders  and  other  substances.* 

§  793.  Chloride  of  Barium,  BaOl22H20  208  +  36;  anhydrous, 
Ba  65-86  per  cent.,  01  34-14;  specific  gravity,  3-75 — is  in  com- 
merce in  the  form  of  white,  four-sided,  tabular  crystals;  water 
dissolves  about  half  its  weight  at  ordinary  temperatures,  three- 
fourths  ^  at  100°.  Its  solution  gives  a  white  precipitate  with 
sulphuric  acid,  quite  insoluble  in  water  and  nitric  acid. 

_  The  salt  imparts  a  green  hue  to  an  otherwise  colourless  flame; 
viewed  by  the  spectroscope,  green  bands  "will  be  visible.  We 
may  note  that  chloride  of  barium  gives  two  different  spectra— the 
one  at  the  moment  of  the  introduction  of  the  salt,  the  other 
when  the  substance  has  been  exposed  for  some  time  to  a  high 
temperature.  This  is  caused  by  a  rapid  loss  of  chlorine,  so  that 
the  first  spectrum  is  due  to  BaOlg,  with  a  variable  mixture  of 
BaOl,  the  second  to  BaOl  alone. 

§  794.  Baric  Carbonate,  Ba0O3=197;  specific  gravity,  4-3- 
BaO  77-69  per  cent,  OOg  22-31— in!  its  native  form  termed 
Wztherite,  is  a  dense,  heavy  powder,  insoluble  in  pure  water,  but 
dissolving  in  acetic,  nitric,  and  hydrochloric  acids,  the  solution 
giving  the  reactions  of  barium. 

A  rat-poison  may  be  met  with  composed  of  baric  carbonate, 
sugar,  and  oatmeal,  flavoured  with  a  little  oil  of  aniseed  and 
caraway. 

T>  k  '^^^^^'^^^  9f  barium,  BaSO^;  specific  gravity,  4-59- 

BaO  65-66  per  cent.,  SO3  34-34  per  cent,  is  a  pure  white  powder 
when  recently  precipitated,  absolutely  insoluble  in  water,  and 
practically  insoluble  in  cold  dilute  acids.  It  is  quite  unalterable 
m  the  air  at  a  red  heat;  on  ignition  with  charcoal  it  may  be 
converted  almost  entirely  into  sulphide  of  barium;  aiid  by 
Ignition  with  OaOlg  into  chloride.  '  "Y 

§  796.  affects  of  the  Soluble  Salts  of  Barium  on  Animals.~One 
ot  the  early  notices  of  the  poisonous  characters  of  barium 

SZTn  /  ^T''  ^^^^  ^ii^^erZ, 

hnZ  P^.°d^««d  vomiting,  diarrhoea,  and  death  in  a  few 

hours  Sir  Benj.  Brodie  t  administered  barium  chloride,  and 
noticed  Its  paralysing  effect  on  the  heart.    Orfila  §  made  several 

1790.  voL^'  p.  609  ^  ^""^  Pluloaophical  Society  of  Manchester," 

t  Phil.  Trans.,  1812. 

§  Traits  des  Poisons,  3rd  ed.,  T.  ].,  Paris,  1826. 
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experiments  the  gullet  was  tied.    The  later  investigators  have 
been  Gmelin,  Onsum,  Oyon,  and  Bohm.*    Gmelin  found  barium 
carbonate  and  barium  chloride  act  in  a  very  similar  manner; 
and,  indeed,  it  is  improbable  that  barium  carbonate,  as  carbonate, 
has  any  action,  but,  when  swallowed,  the  hydrochloric  and  other 
acids  of  the  stomach  form  with  it  soluble  compounds.    J.  Onsum 
made  eight  experiments  with  both  barium  carbonate  and  chloride 
on  animals.    The  respiration  was  quickened  and,  at  the  same 
time,  made  weak  and  shallow;  the  heart's  action  was  accelerated; 
the  animals  became  'restless;   and   there  was  great  muscular 
prostration,  with  paralytic  symptoms;  convulsions  did  not  occur 
in  any  one  of  the  eight  animals.    He  found,  on  post-mortem 
examination,  the  right  side  of  the  heart  full  of  blood  from  back- 
ward engorgement;  he  describes  a  plugging  of  the  small  arteries 
with  little  fibrinous  coagula,  having  an  inorganic  nucleus,  with 
constant  ha3morrhagic  extravasations.     Onsum  seems  to  have 
held  the  theory  that  the  baryta  salts  circulated  in  the  blood, 
and  then  formed  insoluble  compounds,  which  were  arrested  in 
the  lungs,  causing  minute  emboli,  just  in  the  same  way  as  if  a 
finely-divided  solid  were  introduced  directly  into  the  circulation 
by  the  jugular  vein.  . 

Onsum  stands  alone  in  this  view.    Cyon  found  no  emboli  m 
the  lungs,  and  refers  the  toxic  eflTect  to  a  paralysing  influence 
on  the  heart  and  voluntary  muscles,  and  also  on  the  spinal  cord. 
Oyon,  to  settle  the  embolic  theory,  injected  into  the  one  jugular 
vein  'of  a  rabbit  barium  chloride,  and  into  the  other  sodic  sul- 
phate, but  the  small  arteries  and  capillaries  of  the  lungs  remained 
clear.     Bbhm,  operating  on  frogs,  found  a  great  similarity 
between  the  action  of  small  doses  of  barium  salts  and  that  ot 
certain  organic  poisons;  as,  for  example,  cicutoxin,  -012  to  -Ul 
crrm.  subcutaneously  injected  into  frogs,  acted  as  a  heart-poison 
So  also  Blaket  found  the  heart  slowed,  and  concluded  that 
barium  chloride  had  a  direct  action  on  the  cardiac  muscle,  and 
also  a  toxic  influence  on  the  nervous  system.    F.  A.  J^alck,  m 
experiments  on  rabbits,  found  a  great  reduction  of  temperature 
after  poisoning  with  barium  chloride  (3°  to  12-6  ). 

S  797  Efects  of  the  Salts  of  Barmm  on  Ifan.^Theve  are  about 
fifteen  cases  of  poisoning  by  barium  salts  on  record-three  ot 
which  were  suicidal,  but  most  of  them  were  due  to  accident  or 

*  Gmelin  C.  G.,  Versuche  iiber  die  Wirhingen  des  Baryts,  Siroiitiam, 
Cln-^   MoSbeSdns,    Wolframs    Tellurs.  «f  .^/S  S 

Organismns,  Tilbmgen,  1824.  Onfium.  J--  Virchow  s  .47c/«<;,  Bd  -^^^^^^ 
1863.  Cyon,  M.,  Archiv  f  Anatomic,  Physiologie,  d:c.,  Ibbb.  Jiom. , 
Arciiiv  f.  Experiment.  Pathol.,  Bd.  3rd.,  1874. 

t  Journ.  ofAnat.  and,  Physiol.  2nd  series,  1874. 
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mistake.  In  three  cases,  barium  chloride  was  taken  instead  of 
Glauber's  salts;  in  one,  instead  of  Carlsbad  salts;  in  another,  a 
mixture  of  barium  nitrate  and  sulphur,  instead  of  pure  sulphur; 
in  a  sixth  case,  a  mixture  of  barium  acetate  and  raspberry- 
syrup,  instead  of  sodic  ethylsulphate;  in  a  seventh,  a  chemist 
put  a  larger  dose  than  was  ordered  by  the  prescription;  and  in 
four  cases  barium  carbonate  had  been  mixed  with  flour,  and  this 
flour  used  in  the  making  of  pastry.  Of  the  fifteen  cases,  nine, 
or  sixty  per  cent.,  proved  fatal. 

Fatal  Dose. — The  above  fifteen  cases  of  poisoning  have  not 
satisfactorily  settled  the  question  as  to  the  least  fatal  dose  of 
the  barium  salts.  6-5  grms.  (about  lOO  grains)  of  the  chloride 
have  destroyed  the  life  of  an  adult  woman  in  fifteen  hours; 
14  grms.  (I  oz.)  of  the  nitrate  of  baryta  have  killed  a  man  in 
six  and  a-half  hours;  and  the  carbonate  of  baryta  has  destroyed 
a  person  in  the  relatively  small  dose  of  3 -8  grms.  (60  grains). 
On  the  other  hand,  certain  continental  physicians  have  pre- 
scribed barium  chloride  in  large  medicinal  doses;  for  example, 
Pirondi*  and  Lisfranct  have  gradually  raised  the  dose  of  barium 
chloride  from  4  decigrams  up  to  3  grms.  (48  grains)  daily,  given, 
of  course,  m  divided  doses.  Pirondi  himself  took  in  a  day  77 
grms.  (119  grains)  without  bad  efiect. 

§  798.  Symptoms.— Tha  efi-ects  produced  on  man  are  partly 
those  of  intestinal  irritation,  and  partly  afi-ections  of  the  nervous 
system.  There  are  nausea,  vomiting,  pain  in  the  stomach,  a 
sense  oi  cardiac  oppression,  muscular  weakness,  noises  in  the 
ears,  disturbances  of  vision,  cramps,  and  even  paralysis.  In  Dr 
lidys  case,  J  m  which  a  man,  suff-ering  from  rheumatism,  but 
otherwise  healthy,  took  a  mixture  of  barium  nitrate,  flowers  of 
sulphur,  and  potassic  chlorate,  instead  of  sulphur-the  symptoms 
were  blisters  on  the  tongue,  a  burning  pain  in  the  gullet  and 
stomach,  with  vomiting,  diarrha3a,  convulsions,  aphonia,  and 

Seklel?        W  ^  copiously   detailed  by 

beidel,§  m  which  a  pregnant  woman,  twenty-eight  years  old, 
took  carbonate  ol  baryta  for  the  purposes  of  self-destruction'  is 
interesting.  She  probably  took  the  poison  some  little  time 
before  six  m  the  evening;  she  vomited  and  had  great  pain  in  the 

The  next  morning,  after  drinking  some  cofi-ee,  the  sickness  was 
renewed;  nevertheless  at  7  a.m.,  she  repaired  t^  her  employment 
which  was  distant  an  hour's  walk;  she  probably  suffered  mS  on 

I       ^«,^M»ieaj-  Blanche  de  Oenou,  ed.  2,  Paris  ISSfi 
+  Oaz.  Med.  de  Paris,  1835,  No.  14  ' 
X  Pharm.  Journ.,  June,  1868. 

§  Eulenberg's  Vierteljakrssckrift  f.  Get.  Med.,  Bd.  27,  §213. 
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the  way,  for  she  did  not  arrive  until  9  a.m.  The  vomiting, 
accompanied  by  diarrhoea,  continuing,  she  was  sent  to  bed  at 
2  p.m.  She  was  very  cold,  and  complained  of  great  weakness; 
the  vomiting  now  ceased.  At  8  p.m.  she  shivered  violently, 
could  scarcely  swallow,  and  the  respiration  was  oppressed.  At 
11  she  seemed  a  little  improved;  but  at  3  a.m.  she  was  found 
much  worse,  breathing  rapidly,  but  fully  conscious.  At  4  a.m. 
she  was  again  seen,  but  found  dead;  she  thus  lived  about  thirty- 
four  hours  after  taking  the  fatal  dose. 

§  799.  Post-mortem  Appearances.— The  post-nioriem  a-pY>&^ra,nces 
are  usually  changes  in  the  stomach  and  intestinal  tract,  but 
there  are  only  rarely  traces  of  great  inflammation.  It  is  true, 
that  in  a  case  recorded  by  Wach,*  a  perforation  of  the  stomach 
was  found;  but,  since  there  was  old  standing  disease  of  both  liver 
and  stomach,  it  is  not  clear  that  this  is  to  be  attributed  entirely 
to  poison.  In  the  case  of  suicide  just  detailed,  the  mucous 
membrane  of  the  stomach  was  much  ecchymosed;  over  the 
whole  were  strewn  little  white  grains,  sticking  to  the  mucous 
membrane;  and  there  were  also  ecchymoses  in  the  duodenum. 

§  800.  The  Sep)aration  of  Barium  Salts  from  Organic  Solids  or 
Fluids,  and  their  Identification.— In  the  usual  course  of  examina- 
tion of  an  unknown  substance,  the  matter  will  already  have  been 
extracted  by  hydrochloric  acid,  and  the  solution  successively 
treated  with  hydric  and  ammonic  sulphides.  The  filtrate  from 
any  precipitate,  after  being  boiled,  would  in  such  a  case  give  a 
precipitate  if  treated  with  sulphuric  acid,  should  a  salt  of  barium 
soluble  in  hydrochloric  acid  be  present. 

If  there,  however,  should  be  special  grounds  to  search  tor 
baryta  in  particular,  it  is  best  to  extract  the  substances  with 
pure  boiling  water,  to  concentrate  the  solution,  and  then  add 
sulphuric  acid,  collecting  any  precipitate  which  may  iorm._  it 
the  latter  is  found  to  be  sulphate  of  baryta,  it  must  be  derived 
from  some  soluble  salt,  such  as  the  nitrate  or  the  chloride.  Ihe 
substances  which  have  been  exhausted  with  water  are  now 
treated  with  hydrochloric  acid,  and  to  the  acid  filtrate  sulphuric 
acid  is  added.  If  sulphate  of  baryta  is  thrown  down,  the  baryta 
present  must  have  been  a  salt,  insoluble  m  - water,  soluble  m 
acids-probably  the  carbonate.  Lastly,  the  organic  substances 
may  be  burnt  to  an  ash,  the  ash  fused  with  carbonate  of  soda, 
Te^mass,  when  cool,  dissolved  in  HOI,  and  the  solution  pre^ 
cipitated  with  sulphuric  acid.  Any  baryta  now  obtained  was 
3sent  probably  in  the  form  of  sulphate;  nevertheless  if 
Ened  f?om  the^issues,  it  would  prove  that  a  soluble  salt  had 

*  Henke's  Zeitschrift  f.  Staatsarzneik.,  1835.,  Bd.  30,  Hft.  1.,  §  1- 
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been  administered,  for  (so  far  as  is  known)  sulphate  of  barium  is 
not  taken  up  by  the  animal  fluids,  and  is  innocuous. 
The  sulphate  of  barium  is  identified  as  follows  : — 
(1.)  A  part  of  the  well- washed  precipitate  is  boiled  with  dis- 
tilled water,  filtered^  and  to  the  filtrate  a  solution  of  chloride  of 
barium  added.  If  there  is  no  precipitate,  the  sulphate  can  be 
none  other  than  baric  sulphate,  for  all  the  rest,  without  excep- 
tion, are  soluble  enough  to  give  a  slight  cloud  with  baric 
chloride. 

(2.)  The  sulphate  may  be  changed  into  sulphide  by  ignition  on 
charcoal,  the  sulphide  treated  with  HOI,  the  solution  evaporated 
to  dryness,  and  the  resulting  chloride  examined  spectroscopically; 
or,  the  sulphide  may  be  mixed  with  chloride  of  calcium,  taken 
up  on  a  loop  of  platinum  wire,  heated  strongly  in  the  flame  of 
a  Bunsen  burner,  and  the  flame  examined  by  the  spectroscope. 

_  (3.)  A  solution  of  the  chloride  of  barium  obtained  from  (2) 
gives  a  yellow  precipitate  with  neutral  chromate  of  potash, 
insoluble  in  water,  but  soluble  in  nitric  acid. 
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EXAMINATION  OF  BLOOD,  OB,  OF  BLOOD-STAINS. 


§  SOL  Spots,  supposed  to  be  blood — whether  on  linen,  walls,  or 
weapons,  should,  in  any  important  case,  be  photographed  before 
any  chemical  or  microscopical  examination  is  undertaken.  Blood- 
spots,  according  to  the  nature  of  the  material  to  which  they  are 
adherent,  have  certain  naked  eye  peculiarities — e.g.,  blood  on 
fabrics,  if  dry,  has  at  first  a  clear  carmine  red  colour,  and  part  of 
it  soaks  into  the  tissue.  If,  however,  the  tissue  has  been  worn 
some  time,  or  was  originally  soiled,  either  from  perspiration, 
grease,  or  filth,  the  colour  may  not  be  obvious  or  very  distinguish- 
able from  other  stains;  nevertheless,  the  stains  always  impart  a 
certain  stiffness,  as  from  starch,  to  the  tissue.  If  the  blood  has 
fallen  on  such  substances  as  wood  or  metal,  the  spot  is  black,  has 
a  bright  glistening  surface,  and,  if  observed  by  a  lens,  exhibits 
radiating  fissures  and  a  sort  of  pattern,  which,  according  to  some, 
is  peculiar  to  each  species;  so  that  a  skilled  observer  might 
identify  occasionally,  from  the  pattern  alone,  the  animal  whence 
the  blood  was  derived.  The  blood  is  dry  and  brittle,  and  can 
often  be  detached,  or  a  splinter  of  it,  as  it  were,  obtained.  The 
edges  of  the  splinter,  if  submitted  to  transmitted  light,  are 
observed  to  be  red.  Blood  upon  iron  is  frequently  very  intimately 
adherent;  this  is  specially  the  case  if  the  stain  is  upon  rusty 
iron,  for  heematin  forms  a  compound  with  iron  oxide.  Blood 
may  also  have  to  be  recovered  from  water  in  which  soiled  articles 
have  been  washed,  or  from  walls,  or  from  the  soil,  &c.  In  such 
cases  the  spot  is  scraped  off"  from  walls,  plaster,  or  masonry,  with 
as  little  of  the  foreign  matters  as  may  be.  It  is  also  possible  to 
obtain  the  colouring-matter  of  blood  from  its  solution  m  water, 
and  present  it  for  farther  examination  in  a  concentrated  form, 
by  the  use  of  certain  precipitating  agents  (see  P-  651). 

In  the  following  scheme  for  the  examination  of  blood-stams, 
it  is  presumed  that  only  a  few  spots  of  blood,  or,  m  any  case,  a 
small  quantity,  is  at  the  analyst's  disposal. 

a  ^  The  dried  spot  is  submitted  to  the  action  of  a  cold  saturated 
solution  of  borax.   This  medium  (recommended  by  Dragendorli ) 

*  Uniermchungen  von  Blutspuren  in  Maschka'a  Handhuch.  Bd.  i. ,  Half- 
band  2. 
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does  certainly  dissolve  out  of  linen  and  cloth  blood-colouring 
matter  -with  great  facility.  The  best  way  to  steep  the  spots  in 
the  solution  is  to  scrape  the  spot  off  the  fabric,  and  to  digest  it  in 
about  a  cubic  centimetre  of  the  borax  solution,  which  must  not 
exceed  40°;  the  coloured  solution  may  be  placed  in  a  little  glass 
cell,  with  parallel  walls,  -5  centimetre  broad,  and  -1  deep,  and 
submitted  to  spectroscopic  examination,  either  by  the  ordinary 
spectroscope  or  by  the  micro-spectroscope;  if  the  latter  is  used, 
a  very  minute  quantity  can  be  examined,  even  a  single  drop.  In 
order  to  interpret  the  results  of  this  examination  properly,  it  will 
be  necessary  to  be  intimately  acquainted  with  the  spectroscopic 
appearances  of  both  ancient  and  fresh  blood. 

§  802.  Spectroscopic  App>earances  of  Blood. — If  defibrinated 
bloodf  be  diluted  with  Avater  until  it  contains  about  '01  per  cent, 
of  oxyhsemoglobin,  and  be  examined  by  a  spectroscope,  the  layer 
of  liquid  being  1  centimetre  thick,  a  single  absorption  band 
between  the  wave  lengths  583  and  575  is  observed,  and,  under 
favourable  circumstances,  there  is  also  to  be  seen  a  very  weak 
band  from  550  to  532.   With  solutions  so  dilute  as  this,  there  is  no 
absorption  at  either  the  violet  or  the  red  end  of  the  spectrum. 
A  solution  containg  -09  per  cent,  of  oxyhfemoglobin  shows  very 
Little  absorption  in  the  red  end,  but  the  violet  end  is  dark  up  to 
about  the  wave  length,  428.    Two  absorption  bands  may  now  bo 
distinctly  seen.     A  solution  containing  -37  per  cent,  of  oxy- 
hsemoglobin  shows  absorption  of  the  red  end  to  about  W.L.  820; 
the  violet  is  entirely,  the  blue  partly,  absorbed  to  about  453.  The 
bands  are  considerably  broader,  but  the  centre  of  the  bands 
occupies  the  same  relative  position.    A  solution  containing  as' 
much  as  -8  per  cent,  of  oxyhsemoglobin  is  very  dark;  the  two 
bands  have  amalgamated,  the  red  end  of  the  spectrum  is  absorbed 
nearly  up  to  Fraunhofer's  line  a;  the  green  is  just  visible  between 
W.L.  498  and  518.    Venous  blood,  or  arterial  blood,  which  has 
been  treated  with  reducing  agents,  such,  for  example,  as  an 
alkahne  sulphide,  gives  the  spectrum  of  reduced  htemoglobin. 
If  the  solution  is  equivalent  to  about  -2  per  cent.,  a  single  broad 
band,  with  the  edges  very  little  defined,  is  seen  to  occupy  the 
space  between  W.L.  595  and  538,  the  band  being  darkest  about 
550;  both  ends  of  the  spectrum  are  more  absorbed  than  by  a 
solution  of  oxyhfemoglobin  of  the  same  strength.    In  the  blood 
of  persons  or  animals  poisoned  with  hydric  sulphide— to  the 
spectrum   of   reduced   haemoglobin,    there  is   added  a  weak 

t  In  this  brief  notice  of  the  spectroscopic  apjiearances  of  the  blood  the 
measurements  in  wave  lengths  are,  for  the  most  liirt,  after  Gamgce.-''Text! 
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absorption  band  in  the  red,  with  its  centre  nearly  corresponding 
■with  the  Fraunhofer  line  0.    Blood  which  has  been  exposed  to 
carbon  oxide  has  a  distinct  spectrum,  due,  it  would  seem,  to  a 
special  combination  of  this  gas  with  haemoglobin;  in  other  words, 
instead   of  oxygen,  the  oxygen  of  oxyhsemoglobin  has  been 
displaced   by   carbon   oxide,   and   crystals   of  carbon  oxide- 
hEemoglobin,  isomorphous  with  those  of  oxyhcemoglobin,  may 
be  obtained  by  suitable  treatment.     The  spectrum  of  carbon 
oxide-haemoglobin,  however,  differs  so  little  from  that  of  normal 
blood,  that  it  is  only  comparison  with  the  ordinary  spectrum,  or 
careful  measurements,  which  will  enable  any  person,  not  very 
familiar  with  the  different  spectra  of  blood,  to  detect  it;  with 
careful  and  painstaking  observation  the  two  spectra  are  seen  to 
be  distinct.    The  difference  between  the  carbon  oxide  and  the 
normal  spectrum  essentially  consists  in  a  slight  moving  of  the 
bands  nearer  to  E.    According  to  the  measurements  of  Gamgee, 
the  band  a  of  OO-hsemo^globin  has  its  centre  approximately  at 
W.L.  572,  and  the  band  /3  has  for  its  centre  W.L.  from  534  to 
538,  according  to  concentration.     If  a  small  quantity  of  an 
ammoniacal  solution  of  ferrous  tartrate  or  citrate  be  added  to 
blood  containing  carbon  oxide,  the  bands  do  not  wholly  fade,  but 
persist  more  or  less  distinctly;  whereas,  if  the  same  solution  is 
added  to  bright  red  normal  blood,  the  two  bands  vanish  instantly 
and  coalesce  to  form  the   spectrum  of  reduced  haemoglobin. 
When  either  a  solution  of  haemoglobin  or  blood  is  exposed  to  the 
air  for  some  time,  it  loses  its   bright  red  colour,  becomes 
brownish-red,  and  presents  an  acid  reaction.    On  examining  the 
spectrum,  the  two  bands  have  become  faint,  or  quite  extinct;  but 
there  is  a  new  band,  the  centre  of  which  (according  to  Gamgee) 
occupies  W.L.  632,  but  (according  to  Preyer)  634.    In  solutions 
of  a  certain  strength,  four  bands  may  be  seen,  but  in  a  strong 
solution  only  one.    This  change  in  the  spectrum  is  due  to  the 
passing  of  the  haemoglobin  into  methcemoglobin,  vfhich  may  be 
considered  as  an  intermediate  stage  of  decomposition,  prior  to  the 
breaking  up  of  the  haemoglobin  into  hfematin  and  proteids. 

A  spectrum  very  similar  to  that  of  methtemoglobin  is 
obtained  by  treating  ancient  blood  stains  with  acetic  acid— 
viz.,  the  spectrum  of  acid  hcematin,  but  the  band  is  nearer  to 
its  centre,  according  to  Gamgee,  corresponding  to  W.  L.,  640, 
(according  to  Preyer,  656-6).  The  portion  of  the  band  is  a 
little  different  in  alkaline  solution,  the  centre  being  about  &y^. 
H^matin  is  one  of  the  bodies  into  which  ha;moglobin  splits  up  by 
the  addition  of  such  agents  as  strong  acetic  acid,  or  by  the  decom- 
posing  influence  of  exposure;  the  view  most  generally  accepted 
being  that  the  colouring-matter  of  the  blood  is  haematm  m 
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combination  with  one  or  more  albuminoid  bodies.  The  hsematin 
obtained  by  treating  blood  with  acetic  acid  may  be  dissolved 
out  by  ether,  and  the  ethereal  solution  then  exhibits  a  remark- 
able distinctive  spectrum.  Hence,  in  the  spectroscopic  examina- 
tion of  blood,  or  solutions  of  blood,  for  medico-legal  purposes, 
if  the  blood  is  fresh,  the  spectrum  likely  to  be  seen  is  either  that 
of  oxyhsemoglobin  or  haemoglobin;  but,  if  the  blood  stain  is  not 
recent,  then  the  spectrum  of  either  hsematin  or  methffemoglobin. 

The  colouring-matter  of  cochineal,  to  which  alum,  potassic 
carbonate,  and  tartrate  have  been  added,  gives  a  spectrum  very 
similar  to  that  of  blood  (see  page  83,  vol.  i.);  but  this  is  only 
the  case  when  the  solution  is  fresh.  The  colour  is  at  once 
discharged  by  chlorine,  while  the  colour  of  blood,  although 
changed  in  hue,  remains.  The  colouring-matter  of  certain  red 
feathers,  purpurin-sulphuric  acid,  and  a  few  other  reds,  have 
some  similarity  to  either  the  hsematin  or  the  hsemogldbin 
spectrum,  but  the  bands  do  not  strictly  coincide;  besides,  no 
one  would  trust  to  a  single  test,  and  none  of  the  colouring- 
matters  other  than  blood  yield  hsematin. 

(2.)  Preparation  of  Ecematin  Crystals — (Teichmann's  crystals). 
A  portion  of  the  borax  solution  is  diluted  with  five  or  six  parts 
of  water,  and  one  or  more  drops  of  a  five  or  six  per  cent,  solution 
of  zinc  acetate  added,  so  long  as  a  brownish-coloured  precipitate 
is  thrown  down.  The  precipitate  is  filtered  ofi"  by  means  of  a 
miniature  filter,  and  then  removed  on  to  a  watch  glass.  The 
precipitate  may  now  be  dissolved  in  one  to  two  cc.  of  acetic 
acid,  and  examined  by  the  spectroscope  it  will  show  the  spectrum 
of  hsematin.  A  minute  crystal  of  sodic  chloride  being  then 
added  to  the  acetic  acid  solution,  it  is  allowed  to  evaporate  to 
dryness  at  the  ordinary  temperature,  and  crystals  of  hsematin 
hydrochlorate  result.  There  are  other  methods  of  obtaining  the 
crystals.  ^  When  a  drop  of  fresh  blood  is  simply  boiled  with  glacial 
acetic  acid,  on  evaporation,  prismatic  crystals  are  obtained. 

Hsematiu  is  insoluble  in  water,  alcohol,  chloroform,  and  in 
cold  dilute  acetic  and  hydrochloric  acids.  It  may,  however, 
be  dissolved  in  an  alcoholic  solution  of  potassic  carbonate,  in 
solutions  of  the  caustic  alkalies,  and  in  boiling  acetic  and 
hydrochloric  acids.  Hoppe-Seyler  ascribes  to  the  crystals  the 
formula  068H7oN8Fe20io2H01.  Thudichum  considers  that  the 
pure  crystals  contain  no  chlorine,  and  are  therefore  those  of 
hsematin.  It  is  the  resistance  of  the  hsematin  to  decomposition 
and  to  ordinary  solvents  that  renders  it  possible  to  identify  a 
certain  stain  to  be  that  of  blood,  after  long  periods  of  time. 
Dr.  Tidy  seems  to  have  been  able  to  obtain  blood  reactions 
from  a  stain  which  was  supposed  to  be  100  years  old.  The 
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crystals  are  of  a  dark-red  colour,  and  present  themselves  in  three 
forms,  of  which  that  of  the  rhombic  prism  is  the  most  common 

(see  fig.  20).  But  crystals 
like  b,  having  six  sides, 
also  occur,  and  also  crystals 
similar  to  c. 

If  the  spot  under  examina- 
tion has  been  scraped  off  an 
iron  implement  the  hsematin 
is  not  so  easily  extracted, 
but  Dragendorff  states  that 
— S  borax  solution  at  50°  dis- 

solves it,  and  separates  it 
from  the  iron.    Felletar  has 
c  also  extracted  blood  in  com- 

bination with  iron  rust,  by 
Fig.  20.  means  of  warm  solution  of 

caustic  potash,  and,  after  neutralisation  with  acetic  acid,  has 
precipitated  the  hajmin  by  means  of  tannin,  and  obtained  from  the 
tannin  precipitate,  by  means  of  acetic  acid,  Teichmann's  crystals. 

Blood  on  leather  must  be  treated  in  the  same  way  as  if  it 
were  a  tannin  precipitate — that  is,  the  blood  must  be  scraped  off 
and  boiled  up  with  strong  acetic  acid,  &c. 

(3.)  Guaiacum  Test. — This  test  depends  upon  the  fact  that  a 
solution  of  hismoglobin  develops  a  beautiful  blue  colour,  if 
brought  into  contact  with  fresh  tincture  of  guaiacum  and  per- 
oxide of  hydrogen.  The  simplest  way  to  obtain  this  reaction 
is  to  moisten  the  suspected  stain  with  distilled  water;  after 
allowing  sufficient  time  for  the  water  to  dissolve  out  some  of 
the  blood  constituents,  moisten  a  bit  of  filter-paper  with  the 
Aveak  solution  thus  obtained;  drop  on  to  the  moist  space  a 
single  drop  of  tincture  of  guaiacum  which  has  been  prepared  by 
digesting  the  inner  portions  of  guaiacum  resin  in  alcohol,  and 
which  has  been  already  tested  on  known  blood,  so  as  to  ascertain 
that  it  is  really  good  and  efficient  for  the  purpose;  and,  lastly, 
a  few  drops  of  peroxide  of  hydrogen.  Dragendorff  uses  his 
borax  solution,  and,  after  a  little  dilution  with  water,  adds  the 
tincture  and  then  Heunefeld's  turpentine  solution,  which  is 
composed  of  equal  parts  of  absolute  alcohol,  chloroform,  and 
French  turpentine,  to  which  one  part  of  acetic  acid  has  been 
added.    The  chloroform  separates,  and,  if  blood  was  present, 

is  of  a  blue  colour.  ,     .    •,       xi   j  o 

S  803.  To  prove  by  chemical  and  physical  methods  that  a 

certain  stain  is  that  of  blood,  is  often  o^lj  «*^P,  "J  *!^! 
enquiry,  the  next  question  being  whether  the  blood  is  that  ot  man 
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or  of  animals.  The  blood-corpuscles  of  man  are  larger  than  those 
of  any  domestic  animal  inhabiting  Europe.  The  diameter  of 
the  average  red  blood-corpuscle  is  about  the  yig-  of  a  millimetre, 
or  7-9  ju,.*  The  corpuscles  of  man  and  of  mammals,  generally 
speaking,  are  round,  those  of  birds  and  reptiles  oval,  so  that 
there  can  be  no  confusion  between  man  and  birds,  fishes  or 
reptiles;  if  the  corpuscles  are  circular  in  shape  the  blood  will 
be  that  of  a  mammal.  By  careful  measurements.  Dr.  Richardson, 
of  Pennsylvania,  affirms  that  it  is  quite  possible  to  distinguish 
human  blood  from  that  of  all  common  animals.  He  maintains, 
and  it  is  true,  that,  by  using  very  high  magnifying  powers  and 
taking  much  trouble,  an  expert  can  satisfactorily  identify  human 
blood,  if  he  has  some  half-dozen  drops  of  blood  from  different 
animals— such  as  the  sheep,  goat,  horse,  dog,  cat,  (fee,  all  fresli 
at  hand  for  comparison,  and  if  the  human  blood  is  normal. 
However,  when  we  come  to  the  blood  of  persons  sufiering  from 
di  sease,  there  are  changes  in  the  diameter  and  even  the  form 
of  the  corpuscles  which  much  complicate  the  matter;  while,  in 
blood  stains  of  any  age,  the  blood-corpuscles,  even  with  the 
most  artfully-contrived  solvent,  are  so  distorted  in  shape  that 
he  would  be  a  bold  man  who  should  venture  on  any  definite 
conclusion  as  to  whether  the  blood  was  certainly  human,  more 
especially  if  he  had  to  give  evidence  in  a  criminal  case. 

ISTeumann  affirms  that  the  pattern  which  the  fibrin  or  coagulum 
of  the  blood  forms,  is  peculiar  to  each  animal,  and  Dr.  Day,  of 
Geelong,  has  independently  confirmed  his  researches:  this  very 
interesting  observation,  perhaps  has  not  received  the  attention 
it  merits. 

When  there  is  sufficient  of  the  blood  present  to  obtain  a  few 
miUigrms.  of  ash,  there  is  a  means  of  distinguishing  human  blood 
from  that  of  other  common  mammals,  which  has  Ijeen  neglected  ' 
by  authorities  on  the  subject,  and  which  maybe  found  of  real 
value.  Its  principle  depends  upon  the  relative  amounts  of  potas- 
sium and  sodium  in  the  blood  of  man  as  compared  with  that  in 
the  blood  of  domestic  animals.  In  the  blood  of  the  cow,  sheep, 
lowl,  pig  and  horse,  the  sodium  very  much  exceeds  the  potassium 
m  the  ash;  thus  the  proportion  of  sodium  oxide  to  that  of  potassium 
oxide  m  the  blood  of  the  sheep  is  AsK^O  -1  :  Na^O  -6;  in  that  of  the 
cow,  as  1:8;  m  that  of  the  domestic  fowl,  al  1  :16;  while  the 
same  substances  m  human  blood  are  sometimes  equal,  and  vary 
irom  i  :  1  to  1  : 4  as  extremes,  the  mean  numbers  being  as  1:22 
i  A^fn'^'r  ^''''f^''  q^^ntity  in  the  blood  corpuscles  than 
m  the  blood  serum;  but,  even  in  blood  serum,  the  sam^  marked 

of^ra^et;^Sk?7'iSS.'^^  '''^  micro-mUUmetre,  or  1000th 
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differences  between  the  blood  of  man  and  that  of  many  animals 
is  apparent.  Thus,  the  proportion  of  potash  to  soda  being  as 
1:10  in  human  blood;  the  proportion  in  sheep's  blood  is  1  to 
15-7;  in  horse's  serum  as  1  to  16-4;  and  in  the  ox  as  1  to  17. 
Since  blood,  when  burnt,  leaves  from  6  to  7  per  thousand  of  ash, 
it  follows  that  a  quantitative  analysis  of  the  relative  amounts  of 
potassium  and  sodium  can  only  be  satisfactorily  effected  when 
suflacient  of.  the  blood  is  at  the  analyst's  disposal  to  give  a  weigh- 
able  quantity  of  mineral  matter.  I,  however,  find  that  it  is 
possible  to  make  an  estimation  of  the  alkalies  with  1  gramme  of 

blood  this  quantity  yielding  about  5  milligrammes  of  the  mixed 

alkalies.  On  the  other  hand,  much  work  requires  to  be  done 
before  this  method  of  determining  that  the  blood  is  either  human, 
or  at  all  events,  not  that  of  an  herbivorous  animal,  can  be  relied 
on.  We  know  but  little  as  to  the  effect  of  the  ingestion  of 
sodium  or  potassium  salts  on  either  man  or  animals,  and  it  is 
possible— nay,  probable— that  a  more  or  less  entire  substitution 
of  the  one  for  the  other  may,  on  certain  diets,  take  place. 
Bunge  seems  in  some  experiments  to  have  found  no  sodium  m 
the  blood  of  either  the  cat  or  the  dog.  ■  r 

The  source  from  which  the  blood  has  emanated,  may,  m  a  tew 
cases,  be  conjectured  from  the  discovery,  by  microscopical  exami- 
nation, of  hair  or  of  buccal,  nasal,  or  vaginal  epithelium,  ctec, 
mixed  with  the  blood  stain. 
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TREATMENT,  BY  ANTIDOTES  OR  OTHERWISE,  OF 
OASES  OF  POISONING. 


8  804  All  medical  men  in  practice  are  liable  to  be  summoned 
hastily  to  cases  of  poisoning.  In  such  emergencies  not  a  moment 
is  to  be  lost,  for  valuable  lives  have  ere  this  been  sacrificed  simply 
from  the  delay  caused  by  searching  for  medicines  instrume^^^^^^ 
TnT  visiting  the  patient  unprovided  ^^tl^ .  s^^t^^^^^^^^^S 
Hence^t  is  fer  the  safest  plan  for  every  medical  man  to  provide 

*  The  brief  Summary  given  .in  Appendix  B  of  the  i^ediate  steps  wHch 
should  be  taken  in  cases  of  poisonmg  is  added  by  request. 


§  804.] 


APPENDIX  :  TREATMENT — ANTIDOTES. 


655 


himself  with  an  "  antidote  bag"  which,  to  be  complete,  should  be 
furnished  with  the  following  requisites  :— 

I.  Instruments  : — 

(1.)  A  stomach-pump  or  tube,*  with  proper  mouth  gags. 

(2.i  A  hypodermic  syringe. 

^3.)  An  ordinary  bleeding  lancet. 

(4.)  A  glass-syringe  with  suitable  canula,  which  may,  in 
case  of  necessity,  be  used  for  transfusion. 

(5.)  Bistoury,  forceps  and  tubes  suitable  for  performing  trach- 
eotomy. 

A  small  battery  (interrupted  current). 

II.  Emetics  : — 


^1.)  Sulphate  of  zinc. 
(2.)  Apomorphine. 
(3.)  Mustard. 


(4.)  Ipecacuanha. 
The  sulphate  of  zinc  may  either  be  carried  in  thirty-grain 
powders  or  in  the  ordinary  solid  crystalline  state,  together  with 
a  little  measure  made  out  of  a  small  pill-box  which,  when  exactly 
full,  is  found  to  contain  from  twenty-five  to  thirty  grains. 

A  still  more  convenient  form  is  that  of  the  compressed  "tablets 
sold  as.  a  speciality  by  one  or  more  firms.    The  same  remarks 
apply  to  ipecacuanha. 

The  apomorphine  hydrochlorate  should  be  in  solution,  a  suitable 
strength  is  2  per  cent;  a  few  drops  of  this  substance,  iniected 
hypodermically,  will  cause  vomiting  in  a  few  minutes 

Besides  the  above  list,  the  bag  should  be  furnished  with  a 
selection  of  the  so-called  antidotes. 

1  stomach-tube  is  simply  a  tube  of  India-rabber,  from  6  to  8  feet  in 

length,_one  end  of  which  should  be  a  little  stiff,  and  have  a  solid  rounded 
extremity  pierced  with  two  lateral  oval  holes-catheter  lie  but  on  an 
emergency  any  India-rubber  tube  of  a  suitable  length  will  do'  It  is  used 
by  passing  the  proper  end  gently  down  the  throat  into  the  stomach  if  Se 
patient  is  msensib  e  or,  as  in  some  determined  suicides  obstinatf  th^ 
jaws  must  be  forcibly  opened  by  the  handle  of  a  spo^' and  some  solid 

"^^Tt£''t:.VTZf'^  ^°  sLcient  rooTforte 

entry  oi  toe  tube.  If  the  tube  is  now  passed  in  the  median  line  well  inta 
the  grasp  of  the  phaiynx  it  is  actually  drawn  down  into  the  stomach  bv  ?he 
phaiyngeal  muscles  so  that  the  operator  has,  as  it  were,  only  r"  pav  out » 
a  su£acient  quantity  of  the  tubinp-     TTfilrHT^n-  .^J^^    pay  out 

position,  it  -WtheYbefiUed  wfth^ateX  mi^^ 
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Antidotes  : — 

(a.)  Chemicals  neutralising  the  poison. 

Acetic  acid  and  calcined  magnesia. 

(b.)  Precipitants  of  alkaloids. 

Tannin — A  solution  of  iodine  in  potassic  iodide. 

(c.)  Narcotics,  or  ancesthetics,  for  the  treatment  of  the  tetanic 
class. 

Chloral — chloroform.  ' 

(d.)  Substances  which  act  j)hysiologically. 

French  oil  of  turpentine.— A  solution  of  atropine  sulphate 
for  hypodermic  use  (strength  -8  per  cent);  hypodermic  dose 
from  5  to  6  drops. 

Solution  of  nitrate  of  pilocarpine  (strength  5  per  cent.);  dose, 

10  drops  or  more. 

Muscarine — a  solution  in  water  (strength  5  per  cent.);  dose, 

10  drops. 

Morphine  meconate  in  solution  (strength  10  per  cent.);  dose, 
from  5  drops. 

A  solution  of  pilocarpine  nitrate  (strength  5  per  cent.);  dose, 
ahout  10  drops. 

A  solution  of  nitrate  of  strychnine  (strength  2  per  cent.);  hypo- 
dermic dose,  from  2  to  3  drops.  ,         ,  .  . 

To  these  may  be  added  a  bottle  of  Wyeth's  dyahsed  iron  for 
use  in  arsenic  poisoning,  a  flask  of  brandy,  some  chlonc  ether, 
aromatic  spirits  of  ammonia,  and  some  really  good  extract  ot  coflee. 


TREATMENT. 

S  805.  Acid  Carbolic.  .        ^  ^  . 

Use  the  stomach-tube  or  pump,  unless  there  is  great  destruc- 
tion of  the  mucous  membrane.  In  the  latter  case,  excite 
Tomiting  by  injecting  subcutaneously  from  5  to  b  drops  ot 
the  apomorphine  solution;  or  give  an  emetic  of  zinc  sulpnate, 
ipecacuanha,  or  mustard.  ,  i    x  -i-i 

The  stomach  may,  by  the  aid  of  the  tube,  be  washed  out  witli 
a  weak  alkaline  solution  of  soda;  albumen  may  also  be  given 
and  such  stimulants  as  brandy  and  water,  chloric  ether,  and 
aromatic  spirits  of  ammonia. 

It  is  important  to  apply  warmth  to  the  extremities. 

Inject  subcutaneously  from  2  to  3  drops  of  the  atropme 
hypodermic  solution.  ~  , 

Nitrite  of  amyl  by  inhalation  is  said  to  have  been  usetul. 

In  desperate  cases  bleeding,  followed  by  transfusion,  is  to 
be  considered. 
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Acids — Mineral,  including  Sulphuric,  N^itric,  Hydrochloric, 
Glacial  Acetic  Acids. 
Stomach-tube  or  pmnp,  inadmissible. 

l^^eutralise  by  calcined  magnesia,  lime,  chalk,  or  SOda,  but 
not  with  potash,  if  there  is  choice. 

If  no  neutralising  agent  can  be  immediately  procured,  then 
•  dilute  with  plenty  of  water. 

Other  remedies  are— oil,  milk,  whites  of  eggs,  gruel. 
It  is  often  recommended  in  such  cases  to  administer  hypoder- 
mically  a  little  morphine. 

Aconite — Aconitine. 

Use  at  once  the  stomach-tube  or  pump,  or  give  emetics  of 
sulphate  of  zinc,  or  hypodermic  solution  of  apomorphine. 

Keep  the  patient  in  the  recumbent  posture. 

After  the  stomach  has  been  emptied,  give  atropine,  either  by 
hypodermic  injection  or  by  the  mouth,  say  4  drops  of  the 
P.B.  solution;  failing  atropine,  20  drops  of  the  tincture  of 
belladonna.  The  dose  may  be  repeated  more  or  less  frequently 
according  to  the  condition  of  the  patient. 

If  there  is  great  tendency  to  heart-syncope,  tincture  of  digitalis 
in  J-drachm  doses  by  the  mouth,  or  in  hypodermic  doses  of 
from  10  drops  upwards. 

Apply  a  mustard  poultice  to  the  pericardium;  aid  vomiting 
and  elimination  of  the  poison  by  plenty  of  water,  to  which  may 
be  added  brandy  or  any  form  of  alcohol. 

Inhalations  of  nitrite  of  amyl  are  said  to  have  been  useful, 
it  the  breathing  stops,  try  artificial  respiration. 

Alcohol. 

Empty  the  stomach  by  the  tube  or  pump,  and  then  wash  it 
out  with  warm  coffee;  if  the  stomach-tube  is  not  at  hand,  then 
empty  the  stomach  by  hypodermic  injection  of  5  drops  of 
apomorphine,  or  by  a  mustard  emetic,  or  sulphate  of  zinc  Keep 

the  head"  ^^""^  ^""^  ^^^^^^^ 

Endeavours  should  be  made  to  rouse  the  patient,  if  insensible, 
by  shaking,  shouting  at  him,  &c. 

Inhalations  of  amyl  nitrite  are  said  to  be  useful. 

Alkalies— Ammonia— Potash-Soda.— Stomach-pump  or  tube 
not  to  be  used.  ^ 

Jomiting  nearly  always  present,  or  may  be  produced  by  adminis- 
tenng  plenty  of  lukewarm  water;  after  which  give  dilute  vineSr 
or  the  juices  of  lemons  or  oranges;  olive  oil,  the  white  of  eggs!  baSev 
water,  arrowroot,  and  always  plenty  of  water  may  be  adminltered 

42 
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There  may  be  ojdema  of  the  glottis,  especially  if  ammonia  has 
been  taken.  In  such  a  case,  and  death  threatening  from 
sulfocation,  perform  tracheotomy.  In  poisoning  by  ammonia, 
with  croupous  respiration,  keep  the  room  warm,  and  fill  it  with 
steam  by  means  of  a  bronchitis  kettle. 

Believe  pain  by  small  doses  of  morphine  injected  subcu- 
taneously. 

Ammonia. — See  Alkalies. 


Antiarin. — See  Digitalis. 


Antimony — Tartar-Emetic — Antimonial  Wine,  &c. 

The  stomach  will  generally  have  been  emptied  by  vomiting. 
In  those  rare  cases  in  which  this  does  not  take  place,  use  the 
stomach-pump  or  tube,  or  give  hypodermic  injection  of  apa- 
morphine. 

Follow  this  with  doses  of  strong  tea,  or  give  half-a-drachm 
of  tannin  or  gallic  acid  in  Avarm  water. 

Give  also  demulcent  drinks,  and  stimulants  in  small  doses, 
frequently  repeated. 

Keep  the  patient  very  warm  by  hot  blankets  and  wraps. 

The  interrupted  galvanic  current  to  the  heart  may  be  useful. 

Apocynin. — See  Digitalis. 


Use  the  stomach-pump  or  tube,  or  empty  stomach  by  emetics-, 
such  as  hypodermic  solution  of  apomorphine,  or  give  mustard 
•or  sulphate  of  zinc.  The  stomach  should  then  be  washed  out 
by  large  quantities  of  water,  most  conveniently  administered  by 

the  pump  or  tube.  ^    ■  ■  ,  j. 

If  the  tube  or  pump  is  not  at  hand,  then  administer  at  once 
either  dialysed  iron,  or  the  freshly-precipitated  hydrated  oxide 
of  iron;  obtained  by  precipitating  the  ordinary  perchloride  by 
means  of  carbonate  of  soda  or  ammonia,  avoiding  excess  ot  the 
latter  If  the  operator  has  sufficient  chemical  knowledge  to 
precipitate  the  iron  with  fair  exactness,  so  ^^^-t  there  is  no  grea 
excess  of  ammonia,  or  of  sodic  carbonate,  f 
unnecessary.    In  other  cases,  filter  throiigh  a  l^^^d|eiclue 

Oil  mucilaginous  drinks,  the  whites  of  eggs,  and,  if  famtness 
exists,  small  doses  of  stimulants  may  all  be  given 

If  the  skin  is  cold,  warmth  must  be  applied  to  the  bociy  oj 
means  of  hot  blankets,  &c. 

Pain  may  be  relieved  by  morphine. 
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Atropine — Belladonna — Tincture  of  Belladonna. 

Empty  the  stomach  by  means  of  the  stomach-pump  or  tube. 
Give  an  enema  of  coffee. 

Administer  half  a  grain  of  pilocarpine  nitrate;  or,  if  that  is 
not  at  hand,  morphine  or  opium  in  suitable  doses  will  act  to  a 
certain  extent  antagonistic  to  the  poison. 

A  subcutaneous  dose  of  muscarine  may  be  administered  instead 
of  pilocarpine,  but  is  not  quite  so  good. 

Hot  water  to  the  feet,  alternate  douches  of  cold  and  hot 
water  are  found  useful. 

If  the  respiration  seems  likely  to  stop,  artificial  respiration 
must  be  practiced. 

Belladonna. — See  Atropine. 

Benzene. 

If  swallowed,  then  empty  the  stomach  by  pump  or  tube,  or 
by  the  hypodermic  injection  of  apomorphine;  or  give  emetics, 
such  as  zinc  sulphate,  mustard,  or  ipecacuanha. 

If  the  vapour  has  been  inhaled,  this  is  unnecessary. 

Plenty  of  fresh  air. 

A  subcutaneous  dose  of  atropine,  say  l-60th  of  a  grain,  or 
from  30  to  40  drops  of  belladonna  tincture. 

Alternate  douches  of  hot  and  cold  water  to  the  chest,  artificial 
respiration,  if  necessary.  The  heart  to  be  maintained  by  mild 
interrupted  shocks  of  the  battery  over  the  region  of  the  heart. 

Bichromate  op  Potash. — See  Chromium. 

Brucine. — See  Strychnine. 

Calabar  Bean — Physostigmine. 

Use  stomach-pump  or  tube,  or  emetics,  such  as  sulphate  of  zinc, 
mustard  or  ipecacuanha;  or,  better  still,  hypodermic  solution  of 
apomorphme. 

Give  hypodermic  doses  of  l-60th  grain  atropine  until  the 
pupils  dilate,  ihis  treatment  seeming  to  fail,  chloral  in  lO-'^rain 
doses,  every  quarter  of  an  hour,  has  been  recommended 

In  certain  cases  strychnine  has  been  used  in  hypodermic  doses 
01  l-l/tn  01  a  gram. 

Stimulants  and  artificial  respiration  will  probably  be  necessary 
in  some  cases.  ^^a^Ly 


Camphor 
Use 


stomach-pump  or  tube,  or  empty  the  stomach  by  emetics. 
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Hypodermic  injections  of  brandy,  inhalations  of  ether,  the 
alternate  hot  and  cold  douche,  warmth  to  the  extremities  by 
hot  blankets,  &c.,  seem  to  be  the  best  methods  of  treatment. 

Oanthaeides — Oanthaeidine. 

Use  stomach-pump  or  tube,  if  the  mucous  membrane  of  the 
throat  is  not  inflamed;  or,  administer  hypodermic  dose  of 
apomorphine,  or  give  emetics — sulphate  of  zinc,  mustard,  or 
ipecacuanha. 

Allay  pain  with  morphine.  Give  plenty  of  water  and  demulcent 
drinks. 

Ohlokal. 

Use  stomach-pump  or  tube,  and,  when  the  stomach  is  emptied, 
introduce  by  the  same  means  warm  coffee,  or  give  a  hypodermic 
injection  of  apomorphine,  or  administer  emetics  of  sulphate  of 
zinc,  or  mustard,  or  ipecacuanha. 

An  enema  of  coffee  will  be  useful. 

Keep  the  limbs  warm. 

Administer  hypodermically  2  or  3  drops  of  the  solution  ot 
strychnine  at  intervals  of  from  fifteen  to  twenty  minutes. 

Rouse  the  patient  by  various  means,  such  as  shouting,  shaking, 
flapping  the  skin  with  a  wet  towel,  &c. 

Inhalations  of  amyl  nitrite  are  recommended. 

Artificial  respiration  may  be  necessary. 

Ohlorate  op  Potash.  „    x   i  /  7  •  7  cc>r\ 

Use  the  same  treatment  as  for  nitrate  of  potash  {which  see,  p.  bbb). 


Chloride  op  Zinc. — See  Zinc. 


Ohloropoem — (Inhaled).   ^ 

Give  plenty  of  fresh  air,  pull  the  tongue  forward,  and  commence 
at  once  artificial  respiration.  If  the  heart  has  stopped  strike  the 
chest  two  or  three  times  very  hard,  over  the  region  of  the  heart 
this  has  been  found  occasionally  to  restore  its  beat.  Apply  tne 
hattery,  but  with  a  weak  current  only;  one  pole  may  be  placea 
on  the  larynx,  the  other  at  the  pit  of  the  stomach. 

Inhalations  of  nitrite  of  amyl  are  useful.  The  hot  and  cold 
douche  may  also  be  used. 

^TprtTe-^e^^^^^^^^^  or  tube,  or  YemeticV-^,S 
5  drops  of  the  hypodermic  solution  of  apomorphine  or  sulphate  ot 

zinc  or  mustard. 
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Give  an  enema  of  hot  coflfee. 

Administer  large  draughts  of  water,  which  may  advantageously 
contain  a  little  sodic  carbonate  in  solution. 

Attempt  to  rouse  the  patient.  Nitrite  of  amyl  inhalations, 
and,  if  necessary,  artificial  respiration  may  be  used. 

Ohromate  op  Potash. — See  Chromium. 


Chromic  Acid. — See  Chromium. 


Chromium — Bicromate  of  Potash — Chromate  of  Potash  

Chromic  Acid. 

Empty  the  stomach  by  pump  or  tube;  administer  a  subcutaneous 
injection  of  apomorphine,  or  give  sulphate  of  zinc,  mustard,  or 
ipecacuanha  as  emetics.  Follow  up  by  administering,  suspended 
in  water,  calcined  magnesia,  or  carbonate  of  magnesia,  or  chalk. 

Demulcent  drinks,  such  as  barley-water,  &c. 

CoccuLus  Indicus.— See  Picrotoxin. 

CoLCHicuM  —  Meadow  Saffron  —  Colchicum  Wine,  Tinc- 
ture, &c. 

Use  stomach-pump  or  tube,  or  empty  the  stomach  by  emetics, 
such  as  sulphate  of  zinc,  or  mustard,  or  ipecacuanha;  or,  better 
than  all,  give  a  hypodermic  injection  of  4  or  5  drops  of  the 
solution  of  apomorphine. 

Give  tannin  or  gallic  acid  in  half-drachm  doses,  or  strong  tea 
or  coffee. 

Allay  the  pain  in  the  bowels  and  purging  by  small  doses  of 
opium  or  morphine.  r-   &  &  j 

Keep  the  extremities  warm,  apply  hot  fomentations  to  the 
abdomen;  stimulants  may  be  used,  give  plenty  of  water  and 
demulcent  drinks.  o      r  j 

COLOCYNTH. 

Treatment  on  the  same  lines  as  that  of  Colchicum. 

CoNiuM — Hemlock. 

Empty  the  stomach  by  the  pump  or  tube,  or  give  a  hypodermic 

injection  of  4  or  5  drops  of  the  solution  of  apomorphine 

or  emetics  of  sulphate  of  zinc  or  mustard.  ' 
Keep  up  the  temperature  of  the  body  by  hot  wraps 
Administer  as  a  drink  strong  tea,  tannin,  gallic  acids,  or  any 

harmless  vegetable  decoction  containing  tannin  ^ 
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Stimulants  may  be  administered. 

If  necessary,  use  artificial  respiration. 

Copper — Salts  op. 

Empty  stomach  by  pump  or  tube,  and  either  inject  by  the  same 
means  or  administer  white  of  egg  in  solution  in  water;  if  no 
white  of  eggs  can  be  had,  substitute  milk;  give  plenty  of  water 
and  emollient  drinks. 

Pain  may  be  allayed  by  opium  or  morphine. 

Corrosive  Sublimate — Perchloride  of  Mercury— Nitrate 
OF  Mercury. 

Empty  the  stomach  by  the  tube  or  pump,  and  wash  the  organ 
out  with  plenty  of  white  of  egg,  dissolved  in  water  or  milk.  If 
the  stomach-pump  is  not  at  hand,  then  give  emetics,  such  as  the 
solution  of  apomorphine,  hypodermically,  in  from  4  to  5-drop 
doses,  or  a  zinc  sulphate  emetic,  or  mustard,  or  ipecacuanha. 
Probably  violent  vomiting  is  already  present,  then  stomach-tube 
or  emetics  are  unnecessary;  but,  in  any  case,  give  plenty  of 
albuminous  fluids,  such  as  white  of  egg  in  water  or  milk.  If 
neither  of  these  is  at  hand,  chop  any  fresh  meat  up  as  finely  as 
can  be  done  in  a  short  space  of  time,  diff'use  in  water,  and 
administer.  Follow  up  with  demulcent  drinks,  such  as  barley- 
water,  flour  and  water,  &c. 

Pain  may  be  allayed  with  a  little  opium  or  morphine. 

Stimulants  are  admissible,  if  necessary. 

Croton  Oil.  .  , 

Empty  stomach  by  means  of  tube  or  pump,  or  give  emetics  of 
mustard  or  sulphate  of  zinc,  or  administer  hypodermic  injection 
of  apomorphine.  .  , 

Give  10  drops  of  laudanum  every  twenty  minutes  or  hait-liour, 
until  the  pain  and  purging  are  somewhat  abated  or  else  inject 
subcutaneously  small  doses  of  morphine  at  intervals. 

Give  plenty  of  demulcent  drinks. 

2  or  3  drops  of  essence  of  camphor  in  milk  are  usetui. 

Stimulants,  such  as  brandy,  ammoma,  or  chloric  ether,  are 
admissible. 

Cytisine.— See  Laburnum. 

"TeToi'^TsT^u^^elToduced  by  a  wound,  if  any  is  likely 
to  be  s't  nn  the  wound  apply  a  "gatoe  suck  the  W^J 
then  wash  it  with  a  slightly  alkahne  solution  of  potassic  pel 
manganate. 
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Keep  up  the  respiration  artificially,  give  plenty  of  water  and  a 
close  of  spirits  of  nitre,  apply  warmth  to  the  loins.  By  these 
means  tlie  poison  will  be  rapidly  separated  by  the  urine;  and,  if 
the  patient  can  only  be  kept  alive  by  artificial  respiration  for  a 
little  time,  he  may  recover,  for  elimination  is  very  rapid. 

Cyanide  of  Potassium. — See  Prussic  Acid. 

Digitalis  Group  of  Heart  Poisons,  including,  besides  the 
Digitalins,  Antiarin,  Apocynin,  Neriin,  Oleandrin, 
EvoNYMiN,  Thevetin,  Scillain,  Strophantin  and  Ery- 
throphlein. 

Empty  the  stomach  by  the  tube  or  pump,  or  administer  a 
subcutaneous  dose  (4  drops)  of  apomorphine,  or  give  a  table- 
spoonful  of  mustard  in  water  or  sulphate  of  zinc. 

Follow  up  with  strong  tea,  or  half-a-drachm  of  tannin,  or 
gallic  acid  in  aqueous  solution. 

A  very  small  dose  of  aconitine  nitrate  in  solution  (say 
l-200th  of  a  grain)  may  be  injected  subcutaneously  and  the 
effect  watched;  if  in  a  little  time  it  seems  to  do  good,  repeat  the 
dose.  On  no  account  let  the  patient  rise  from  the  recumbent 
posture,  or  he  may  faint  to  death. 

Stimulants  in  small  doses  may  be  given  frequently  by  the 
mouth,  or,  if  there  is  vomiting,  by  the  bowel. 

Ergot; 

Use  stomach-pump  or  tube,  or  empty  the  stomach  by  a  mustard 
or  sulphate  of  zinc  emetic,  or  give  a  subcutaneous  injection  of 
apomorphine. 

Give  a  purgative,  such  as  a  drop  of  croton  oil,  and  assist  its 
action  by  plenty  of  warm  drinks. 

Tannin  and  gallic  acid  have  also  been  recommended,  but  are 
probably  of  but  little  use. 

After  the  bowels  have  well  acted,  and  the  stomach  has  been 
emptied,  give  small  doses  of  opium  at  intervals. 

Dr.  Murrell  recommends  l-50th  of  a  grain  of  nitro-glycerine 
every  fifteen  minutes. 

The  recumbent  position  is  necessary,  and  the  circulation, 
should  be  maintained  by  warmth,  and,  if  necessary,  by  friction. 

Erytiirophlein. — See  Digitalis. 

Ether.— The  same  treatment  as  with  Chloroform. 

EvoNYMiN.— See  Digitalis. 
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Fungi. — See  Mushrooms. 
Gelseminine. 

If  seen  soon  after  taking  the  dose,  use  the  stomach-pump  or 
tube,  or  give  a  tablespoonful  of  mustard. 

Administer  a  small  dose  of  atropine  subcutaneously,  or  give 
by  the  mouth  tincture  of  belladonna  in  20-drop  doses. 

Stimulants  are  admissible. 

If  necessary,  use  artificial  respiration. 

Eouse  the  patient  by  the  hot  and  cold  douches. 

Hemlock. — See  Ooniine — Oonium. 

Henbane — Hyoscy  amine. — The  sametreatment  as  for  Atropine. 
Hydrochloric  Acid. — See  Acids  Mineral. 
Hydrocyanic  Acid. — See  Prussic  Acid. 


Hyoscyamine. — The  same  treatment  as  for  Atropine. 


Empty  the  stomach  by  pump  or  tube,  or  administer  emetics, 
such  as  the  hypodermic  solution  of  apomorphine,  or  give  by  the 
mouth  mustard  or  sulphate  of  zinc. 

Give  plenty  of  starch  diffused  in  warm  water,  or  m  the  lorm 
of  a  dilute  paste;  or  give  any  farinaceous  substance  whatever, 
such  as  arrowroot,  boiled  rice,  or  flour,  or  thm  gruel. 

Inhalations  of  amyl  nitrite  have  been  recommended. 

Pain  may  be  relieved  by  morphine  or  opium. 

Jaborandi.— Treatment  the  same  as  Pilocarpine. 

Laburnum  Seeds— Cytisine.  .         4.        +pa  or 

Empty  stomach  by  tube  or  pump,  and  wash  it  out  ^^^^  ^ea  or 

C0ffee,^or  give  (as  a^  emetic)  a  hypodermic  dose  of  ^P0^°^\^°  ^ 

or  (by  the  mouth)  mustard  or  zmc  sulphatej  follow  up  this 

treatment  bv  an  enema,  or  a  brisk  purgative. 

sSantS  may  be  administered,  the  patient  may  be  roused 

by  the  hot  or  cold  douche. 

Laudanum.— See  Morphine. 


Laurel  Water.— See  Prussic  Acid. 
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Lead— Salts  op. 

Empty  stomach  by  pump  or  tube,  or  administer  subcutaneously 
a  close  of  apomorphine,  4  to  5  drops;  or  give  by  the  mouth 
a  sulphate  of  zinc  or  mustard  emetic.  Follow  up  with  half  a 
drachm  of  dilute  sulphuric  acid,  or  half  an  ounce  of  magneslc  or 
sodic  sulphate. 

Milk  and  albuminous  fluids  may  be  given. 

Allay  pain  with  opium  or  morphine.  Treat  colic  with  hot 
fomentations. 

Meadow  Saffron. — See  Colchicum. 

Mercury — Salts  of. — See  Oorrosive  Sublimate. 

Monkshood. — See  Aconite. 

Morphine — Opium — Laudanum  and  preparations  in  which  the 
Opium  Alkaloids  predominate. 

If  taken  by  the  mouth,  empty  the  stomach,  but,  if  taken  by 
hypodermic  injection,  this  would  be  useless.  The  stomach  in 
opium-poisoning  is  best  relieved  by  the  pump  or  tube,  and 
should  then  be  well  washed  out  with  hot  coffee,  leaving  in  the 
organ  a  pint  or  more.  If  the  stomach-pump  or  tube  is  not  at 
hand,  a  large  subcutaneous  dose  of  apomorphine,  (say  10  minims) 
may  be  given,  or  mustard  or  zinc  sulphate,  but  there  may  be 
difficulty  in  obtaining  vomiting  from  any  emetic. 

Attempt  to  rouse  the  patient  by  the  battery,  if  at  hand;  by 
flips  with  a  towel,  and  by  shaking.  In  all  books  will  be  found 
the  usual  direction  that  you  are  to  keep  walking  the  patient 
about;  but  this  treatment  is  questionable,  and  likely  to  favour 
the  toxic  action  of  morphine  on  the  heart. 

Ammonia  may  be  applied  to  the  nostrils. 

Hot  coffee  may  also  be  introduced  into  the  bowels  by  an 
enema  apparatus,  or  by  a  simple  tube. 

The  alternate  cold  and  hot  douche  to  the  head  is  good,  but 
the  body  should  be  kept  warm  with  hot  wraps. 

Small  subcutaneous  doses  of  atropine  (say  l-20th  of  a  grain) 
may  be  administered,  repeating  the  dose  every  twenty  minutes 
and  watching  the  effect.  ' 

If  necessary,  apply  artificial  respiration. 

Inhalations  of  nitrite  of  amyl  have  been  used. 

Muscarine. — See  Mushrooms. 


Mushrooms— Muscarine— Poisonous  Fungi  Generally 
Empty  stomach  by  stomach-pump  or  tube;  or  give  a  sub- 
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cutaneous  dose  of  apomorphine,  or  administer  by  the  mouth, 
either  mustard  or  zinc  sulphate. 

Inject  as  soon  as  possible  a  subcutaneous  dose  of  2  to  4 
drops  of  the  solution  of  atropine ;  or,  after  the  stomach  has  been 
emptied,  give  tincture  of  belladonna  every  half-hour,  in  from 
20  to  30-min.  doses. 

It  is  equally  important  to  remove  the  remains  of  the  fungi 
from  the  intestines,  and  for  this  purpose  it  is  well  to  give  a 
dose  of  castor  oil,  and  to  use  an  enema. 

Stimulants  may  be  given.    The  body  should  be  kept  warm. 

Keriin. — See  Digitalis. 

Nicotine — Tobacco. 

Unless  the  stomach  has  Ijeen  already  emptied  by  vomiting, 
use  stomach-pump  or  tube,  or  give  an  emetic  of  mustard  and 
plenty  of  water. 

Inject  subcutaneously  a  small  dose  of  strychnine  (say  l-25th 
of  a  grain  of  the  nitrate),  or  give  half-a-drachm  of  tincture  of 
nux  vomica. 

Stimulants,  such  as  brandy,  chloric  ether,  &c.,  may  be  given. 
Keep  the  body  warm,  but  the  cold  douche  may  be  applied  to 
the  head. 

Tannin  and  vegetable  infusions  containing  tannin  may  also 
be  given,  but  it  is  questionable  if  they  are  of  much  use,  unless 
any  remnants  remain  in  the  stomach. 

Keep  the  patient  lying  down  for  fear  of  fatal  syncope. 

Nitre — Nitrate  op  Potash. 

Empty  the  stomach  immediately  by  the  pump  or  tube,  or 
give  a  subcutaneous  dose  of  apomorphine  (from  2  to  3  drops), 
or  administer  by  the  mouth  a  tablespoonful  of  mustard,  or  a 
scruple  of  sulphate  of  zinc. 

Dilute  the  poison,  and  attempt  to  wash  it  out  of  the  system 
bv  f'iving  plenty  of  water  or  mucilaginous  drinks. 
'  Apply  hot  fomentations  to  the  loins,  and  keep  the  patient  as 

warm  as  possible.  .  ,     ,  . ,  4.-^„ 

Stimulants  that  are  likely  to  increase  the  kidney  congestion 

are  to  be  avoided.  , 
Inhalations  of  nitrite  of  amyl  have  been  recommended. 

Nitric  Acid.— See  Acids  Mineral. 

""Cp^tomach  at  onee  by  the  .tomach-pump  or  tube,  and 
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■wash  the  organ  out  with  plenty  of  warm  water,  to  which 
advantageously  a  little  spirit  may  be  added;  or  give  emetics, 
such  as  zinc  sulphate  or  mustard. 

Administer  stimulants,  either  by  the  stomach-tube,  as  an 
enema,  or  by  subcutaneous  injection. 

Keep  up  the  respiration  artificially,  if  necessary,  and  maintain 
the  heart's  action  by  application  of  weak,  interrupted  shocks  to 
the  chest-wall,  by  means  of  the  battery. 

Rouse  the  patient  by  the  douche. 

Atropine  subcutaneously  has  been  recommended. 

Nitrous  Oxide  Gas. 

The  treatment  is  the  same  essentially  as  for  chloroform 
{which  see). 

Inhalations  of  oxygen  may  do  good,  but  oxygen  is  very  rarely 
at  hand. 

Nux  Vomica. — See  Strychnine. 


Oleandrin. — See  Digitalis. 
Opium. — See  Morphine. 


Oxalic  Acid— Binoxalate  op  Potash— Sodic  Oxalate. 

Unless  the  patient  has  already  vomited  freely,  empty  the 
stomach  at  once  by  emetics  of  zinc  sulphate  or  mustard;  or  the 
stomach-pump  or  tube  may,  in  most  cases,  be  used.  If  the  acid 
has  been  taken,  neutralise  by  chalk,  lime  water,  or,  better,  by 
saccharated  lime  water;  but  on  no  account  neutralise  by  carbonate 
of  soda  or  any  alkali,  for  the  alkaline  oxalates  are  extremely 
poisonous. 

Assist  elimination  by  -the  kidneys  by  giving  plenty  of  water- 
apply  hot  fomentations  to  the  loins.  ' 

An  enema  may  be  given,  if  necessary,  to  empty  the  bowels 
well. 

Phosphorous. 

Empty  the  stomach  by  tube  or  pump,  and,  at  the  same  time 
wash  the  organ  out  with  water  to  which  has  been  added  a  drachm 
of  French  turpentine,  or  give  emetics.  The  best  emetic  for 
phosphorous  IS  said  to  be  sulphate  of  copper,  4  or  5  grains  dis- 
produced  ^""^^^^  "^^"^  ^^^^^  ''^''''^  minutes  until  vomiting  is 
mustar'd  ^^""^^      sulphate  of  copper,  then  sulphate  of  zinc  or 
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Give  half-drachm  doses  of  turpentine,  floating  on  water  or  on 
mucilage,  every  half-hour.  Inhalations  of  turpentine  vapour, 
much  diluted,  are  also  of  service.  The  American  and  German 
turpentines  are  said  to  be  of  no  avail.  Probably,  the  turpentine 
will  freely  purge  the  patient;  but,  if  not,  the  bowels  should  be 
opened  by  a  suitable  purgative,  such,  for  instance,  as  magnesic 
sulphate. 

Physostigmine. — See  Oalabab  Bean. 

PiCROTOXIN — OOCCTJLUS  InDICUS. 

Use  stomach-pump  or  tube,  or  empty  stomach  by  usual  emetics 
 e.g.,  mustard,  zinc  sulphate,  qr  apomorphine,  subcutaneously. 

Chloral,  in  doses  of  from  10  to  20  grains,  may  be  given 
every  half-hour  to  allay  or  prevent  tetanus,  the  effects  being,  of 
course,  watched.  For  the  same  purpose  bromide  of  potassium  has 
been  recommended.  In  severe  cases,  it  may  be  combined  with 
chloral,  1  drachm  of  the  bromide  with  20  grains  of  chloral. 


Pilocarpine.  ^  4.  • 

The  best  treatment  is  a  subcutaneous  dose  of  atropine  (say 
l-60th  of  a  grain),  or  tincture  of  belladonna  by  the  mouth  in 
20  minim  doses,  to  be  repeated  every  twenty  minutes  until  the 
pupils  dilate. 


Potash. — See  Alkalies. 


!Prxjssic  -A-Cid. 

Use  stomach-pump  or  tube,  or,  if  not  at  hand,  an  emetic  of 
mustard  or  sulphate  of  zinc.  .  ,       ■  +•  ^ 

If  the  breathing  has  stopped,  try  artificial  respiration  and 
weak  shocks  to  the  heart. 

l-60th  of  a  grain  of  atropine  subcutaneously  is  recommended 

to  assist  the  heart's  action.  .  .  „  j^v  +Tia 

A  brandy  enema  may  be  given,  or  brandy  injected  under  tne 

'^The  body  must  be  kept  warm,  but  the  cold  douche  may  be 
advantageously  applied  to  the  head. 

Salts  op  Sorrel.— See  Oxalic  Acid. 


the  patient  has  not  already  emptied  the  stomach  ^jr^^^^ 
vomiting"  and  the  throat  is  not  inflamed,  use  the  stomach-pump 
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or  tube,  and  wash  the  organ  out  with  water,  or  give  any  one  of 
the  usual  emetics— such  as  mustard,  sulphate  of  zinc,  or  ipeca- 
cuanha. 

If  the  bowels  have  not  acted  well,  give  a  dose  of  castor  oil; 
allay  pain  with  small  doses  of  morphine. 

SciLLAiN. — See  Digitalis. 

Snakes — bite  of. 

Suck  the  wound,  and  apply  an  alkaline  solution  of  perman- 
ganate of  potash. 

In  severe  cases  of  cobra  poisoning  and  other  extremely 
venomous  snakes — death  threatening,  the  only  likely  means  of 
saving  life  would  be  bleeding  at  one  arm  and  transfusing  blood 
by  the  other. 

Ammonia  may  be  given  by  the  mouth,  and  also  smelt. 

In  cobra  poisoning  and  venoms  which  kill  mainly  through  the 
respiration,  the  breathing  must  be  kept  up  artificially;  and,  should 
there  be  signs  of  the  heart  failing,  weak,  interrupted  galvanic 
shocks  may  be  applied  to  the  walls  of  the  chest. 

Lacerda's  plan  of  injecting  permanganate  of  potash  under  the 
skin,  is  not  alone  useless  but  mischievous,  for  it  takes  up  time 
which  might  be  more  valuably  employed. 

Soda  Caustic. — See  Alkalies. 

SOLANINE  —  SOLANUOM  DuLCAMAEA — BiTTEE    SwEET — WoODT 

Nightshade.  —  The  same  treatment  as  for  Ateopinb 
(which  see). 

Steamonium. — The  same  treatment  as  for  Ateopine. 

Steophantin. — See  Digitalis. 

Steychnine — Beucinb — Nux  Vomica. 

Empty  the  stomach  as  quickly  as  possible  by  an  emetic  of 
mustard,  or  zinc  sulphate,  or  by  a  hypodermic  solution  of  apomor- 
phine  (4  drops). 

The  stomach-pump  or  tube  inadmissible;  for,  if  tetanus  is 
present,  it  cannot  be  applied;  or,  if  absent,,  it  is  likely  to  excite  a 
spasm. 

Place  patient  at  once  under  chloroform  or  ether,  and  keep  up  a 
gentle  narcosis  for  several  hours,  if  necessary. 

Darken  the  room,  stifle  all  noise;  if  in  a  town,  and  opportunity 
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permit,  have  straw  or  peat  placed  at  once  before  the  house  to 
deaden  noise. 

If  the  spasms  threaten  the  respiration,  artificial  respiration  is 
absolutely  necessary;  and,  to  facilitate  this,  it  would  be  justifiable, 
in  a  dangerous  case,  to  perform  tracheotomy,  of  course  under 
chloroform. 

Chloral  may  be  given  in  place  of  chloroform,  but  the  latter  is 
,  best;  the  dose  of  chloral  should  be,  at  least,  half-a-drachm,  and  if 
no  eflfect  is  produced  in  half-an-hour,  then  doses  of  20  grains 
should  be  given  at  intervals  of  a  quarter  of  an  hour. 

If  neither  chloroform  nor  chloral  is  at  hand,  the  juice  from  a 
recently-smoked  pipe  may  be  diffused  in  a  little  water  and  a  few 
drops  injected  subcutaneously,  and  the  effect  watched.  If  there 
is  a  marked  improvement  the  treatment  may  be  persevered  in. 

Bromide  of  potassium  in  combination  with  chloral  has  been 
recommended. 

Nitrite  of  amyl  inhalations  are  said  to  be  of  use. 

Curarine  in  a  subcutaneous  dose  of  one-third  of  a  grain  is 
antagonistic  so  far  that  it  paralyses  the  voluntary  muscles. 

Sulphuric  Acid. — See  Acids,  Mineral. 

Tartar  Emetic. — See  Antimony. 

Tartaric  Acid.— The  same  treatment  as  for  Oxalic  Acid 
{which  see,). 

Thevetin. — See  Digitalis. 

Tobacco. — See  Nicotine. 


Turpentine.  .  , 

Empty  stomach  by  tube  or  pump,  or  administer  the  usual 
emetics,  such  as  mustard,  or  sulphate  of  zinc,  or  ipecacuanha,  or 
give  hypodermically  3  or  4  drops  of  the  solution  of  apomor- 

^^K^urging  is  not  already  present,  empty  the  bowel  by  enema; 
give  plenty  of  water  and  demulcent  drinks  to  aid  elimination  by 
kidneys. 

Apply  hot  fomentations  to  the  loins. 
Allay  pain  with  opium  or  morphine. 

Veratrine.  .  „„-P+l,p 

Empty  the  stomach  by  the  tube  or  pump,  or  give  any  one  ot  t  le 
usual  emetics-such  as  mustard,  or  zinc  sulphate,  or  ipecacuanha. 
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Keep  the  patient  lying  down. 

Stimulants  may  be  administered. 

An  enema  of  hot  coflFee  has  been  recommended. 

Keep  the  body  warm  with  wraps,  hot  blankets,  &c. 

White  Precipitate. — The  same  treatment  as  for  Corrosive 
Sublimate. 

Wasps,  Bees,  Hornets — sting  of. 

An  onion  immediately  applied  to  the  part  stung  is  a  favourite 
popular  remedy;  but  ammonia  is  better. 

Extract  the  sting,  if  it  remains  in  the  wound. 

Give  stimulants,  if  necessary. 

Zinc. 

The  only  salt  likely  to  cause  poisonous  symptoms  is  the 
chloride,  which  is  used  in  the  arts,  and  is  the  active  principle  of 
Burnett's  disinfecting  fluid. 

Stomach-pump  or  tube  inadmissible.  Give  plenty  of  water 
m  which  carbonate  of  soda  is  dissolved;  or,  if  that  is  not  at  hand,' 
carbonate  of  potash. 

Eggs  and  milk  should  also  be  given. 

Solutions  of  tannin,  strong  tea,  and  the  like,  also,  to  some 
extent,  neutralise  the  poison. 

The  pain  in  the  abdomen  is  to  be  allayed  in  the  usual  way— by 
hot  fomentations  and  small  frequent  doses  of  morphine  or  opium. 


DOMESTIC  READY  REMEDIES  EOR  POISOI^ING. 

§  806.  Large  households,  more  especially  those  in  which  na 
one  possesses  any  special  medical  knowledge,  would  do  weU  to 
ftirnish  an  antidote  cupboard,  for  use  in  cases  of  emergency 
This  cupboard  may  contain  : —  " 

(1.)  The  Multiple  Antidote,  which  consists  of  saturated  solution 
of  sulphate  of  iron  100  parts,  water  800,  magnesia  88,  animal 
charcoal  44  parts.  It  is  best  to  have  the  animal  charcoaW 
magnesia  mixed  together  in  the  dry  state  and  kept  in  a  weU 
corked  bottle;  when  required  for  use,  the  saturated  solution  of 
sulphate  of  iron  is  mixed  with  eight  times  its  bulk  of  water 

"irr  n'  The'r  t"  •  T."  "^^""^^^^  -Ided  withllstant 

stirring.  The  multiple  antidote  may  be  given  in  wine-dassful 
doses,  frequently  repeated,  in  poisoning  by^rseni^  TSc^opium! 
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digitalis^  mercury,  or  strychnine;  it  is  of  no  use  in  phosphorous 
poisoning,  or  in  poisoning  by  the  caustic  alkalies  or  antimony. 

(2.)  Calcined  Magnesia,  for  use  in  poisoning  by  acids. 

(3.)  French  Turpentine,  for  poisoning  by  phosphorous. 

'  (4.)  Powdered  ipecacuanha  in  a  well-corked  bottle;  the  bottle 
containing  a  small  pill-box  which  is  cut  down,  so  that  when  full 
it  contains  30  grains— the  proper  dose  as  an  emetic.  A  similar 
small  supply  of  sulphate  of  zinc  may  also  be  provided. 

(5.)  A  tin  of  mustard. 

(6.)  A  bottle  of  vinegar. 

If,  then,  provided  with  such  a  supply,  any  member  is  known 
to  have  taken  poison,  and  yet  the  precise  poison  is  not  known, 
give  a  sulphate  of  zinc  or  ipecacuanha  emetic,  and  follow  it  up  by 
the  multiple  antidote,  which  is  in  itself  not  poisonous. 

If  Phosphorous  has  been  taken,  then  give  the  French  turpentine 
as  directed  under  phosphorous  (p.  667). 

If  Acids,  neutralise  by  the  calcined  magnesia— (see  Acids- 
mineral,  pp.  656,  657). 

If  Alkalies,  neutralise  with  vinegar— (see  AlkaHes,  p.  657). 
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Ac^hscharumow's  Work  on  aconite, 

Acid  acetic  (see  acetic). 

,,    —Carbolic  {see  carbolic). 

».    —Hydrochloric     (see  hydro- 
chloric). 

^>    — Nitric  (see  nitric). 

,,    —Sulphuric  (see  sit^p/mnc). 
Acids— Mineral,  57-89. 

»  >)     — Treatment  of  poison- 

ing by  {Appendix), 
657. 

'>  >»     — Statistics  relative  to 

poisoning  by  (Tables 

I.,  II.,  and  III),  30- 
32,  36. 

Ackermann  on  the  influence  on  the 
blood-pressure  produced  bv  diei- 
taUs,  410.  ^  ^ 

Acolyctin— Separation   of,  by  am- 

moniacal  benzene,  236. 
Aconite,  333-.352. 

,,     —Alkaloids,  334. 
,,     —Analysis  of  the  pharma- 
ceutical preparations  of, 
335. 

—Bibliography,  relative  to, 
341. 

5,     —Derivation  of  name  4 
„     —Extract,  333. 


Aconite— Fleming's  tincture  of,  333. 
,,     — Liniment,  333. 
,,     —Ointment,  333. 
„  — Pharmaceutical  prepara- 
tions of,  333. 
•  —Root,  fatal  dose  of,  340. 

,,  ,,  poisoning  by,  343-344. 

— Statistics  of  poisoning  by 

.    (Tables  I.  and  II.),  30,  31. 
Aconitic  acid,  334. 
Aconitine,  333. 

>>      — Behaviour  towards  ferrid- 
cyanide  of  potash,  467. 
, ,      — Carbon  an  d  nitrogen,  per- 
centage of,  246. 
>'      — Colour  and  appearance  of 
phospho-molybdate  pre- 
cipitate, 222. 
,,      — Decomposing  action  of 

ammonia  on,  231. 
, ,      — Eifects  of,  on  animal  life 
generally;  birds,  blow- 
fly, fish,  frogs,  insects, 
mammals,  340-342. 
„      —Man,  343. 
„      —Lethal  dose  of,  343,  344. 
—Precipitate    with  gold 
chloride,  248. 
»>      — Precipitate  with  Mayer's 

reagent,  247. 
„      —Separation  of,  349-351. 
"  j>    in  DragendorfF's 

process,  226. 
— Symptoms  produced  bv 
345, 346.  ^' 
"      —Physiological  action  of, 

' '  ost-mortem  appearances 

349. 

"       —Treatment  of  poisoning 
by  {Appendix),  657. 
Acomtmes  m  commerce,  335,  336 
Aconitumferox,  333. 

M         —Napellus,  333. 
Acquetta  di  Napoli,  11, 

M      di  Perugia,  11. 
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Adonidin,  416,  417. 

^sculin — Whether   identical  with 

saponin,  329. 
u^thusa  Cynapium,  439. 
Agaricus  Pantherinus,  398. 

Phalloides,  397,  398. 
,,  ,,       case  of  poisoning 

by,  398. 
post-mortem  ap- 
pearances in, 
398. 

Buber,  398. 
Agarythrine,  398. 

Ages  of  a  million  people  accidentally 

poisoned,  33. 
Albers  on  poisoning  by  coniine,  255. 
Albumen — Action  of  carbolic  acid 
on,  152. 

„       — Coagulation  of,  by  coniine, 
258. 

in  urine,  after  the  inges- 
tion of  cai'bolic  acid, 
71. 

Alchid  Becher,  5. 
Alcohol  amylic,  126. 

,,       —Poisoning  by,  126. 
—Tests  for,  127. 
„      ethylic,  121-126. 
J  J  as  a  solvent  for  free 

sulphuric  acid,  69. 
.J  — Detection  of,  126. 

\^  in  chloroform,  134. 

— Excretion  of,  125. 
—Fatal  dose  of,  122. 
''         „       —Poisoning  by,  122. 

— Statistics  relative 
"  to  (Tables  I.,  II., 

and  in.),  30-32, 
33,  121. 
— Symptoms  of 
poisoning  by,  123. 
— Post-mortem  ap- 
"  pearances  after 

poisoning  by,  124. 
—Treatment  (Ap- 
pendix), 657. 
Aldehyde— Detection  of,  in  chloro- 
form, 132. 
Alexander  VI.,  7. 
Alexandrian  school  of  medicine,  7. 
Algerian  opium,  267. 
Ali  Ahmed's  "  Treasures  of  Desert, 
562. 

Alkali  albuminate,  97. 
Alkalies,  c'austic,  89-100. 


ies,  caustic— Effects    of,  on 
animal  and  vege- 
table life,  97. 
,,  — Fixed,  estimation 

of,  100. 

,,  — Local  effects  of, 

97.  ^ 

,,  — Post-mortem  ap- 

pearances after 
poisoning  from, 
98. 

— Symptoms  in  poi- 
soning from,  98. 
— Treatment  of 
poisoning  by  (Ap- 
jiendix),  657. 
Alkaloids  — Classification  of,  27. 

— Colour     reactions  for 

(Table),  240. 
— Identification  of,  240. 

by  organic 
analysis, 
245. 

,,       — Melting  points  of,  242. 
,,       — Methods    of  obtaining 
sulphates  of  the  alka- 
loids, 247,  248. 
—Sublimation  of,  240-245. 
Allen's  method  of  analysing  carbolic 

acid  powders,  170. 
Alloxan  as  a  test  for  coniine,  251. 
Almonds,  bitter— Content  of,  in  hydro- 
cyanic acid,  178. 
—Oil  of,  171. 
—Poisoning  by,  193. 
Aloetin— Separation  of,  by  benzene, 
227. 

Alum',  burnt— Statistics  of  poisoning 

by  (Table  III.),  32. 
Amanita  muscaria,  394,  395. 

—Case  of  poison- 
ing by,  395. 

Amanitine,  397. 

—Carbon  and  nitrogen, 

percentage  o:^  246. 
— Compound  with  gold 
chloride,  248. 
Amblard  and  Grasset's  study  of  con- 
vulsions produced  by  morphine  in 
the  mammalia,  283. 
American  overland  cloth  as  a  possible 

source  of  lead,  565. 
Ammonia,  89-95. 

—Action  on  animals  and 
"       ,  man,  92. 
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Ammonia — Action  on  plants,  92. 

and  hypochlorite  test  for 

carbolic  acid,  163. 
— Carbonate  of,  90. 
—Compound  liniment  of, 
90. 

—Estimation  of,  95. 
— Poisoning  by,  91. 

J,  Statistics 
of  (Table  I.),  30-37. 
— Post-mortem  appearances 

in  poisoning  by,  93. 
—Properties  of,  89. 
—Salts  of,  tests  for,  110. 
— Separation  of,  95. 
— Statistics    relative  to 

poisoning  by,  90. 
—Symptoms  of  poisonintr 

by,  91. 
—Uses  of,  90. 
— Vapour  poisoning  by,  91. 

),  Chronic 
effects  of,  91. 
Ammomated  mercury,  ointment  of, 
oOl. 

Ammonic  cyanide,  193. 
Amphibia,  poisonous,  445 
Amygdalin,  177,  178. 
Arnyl  alcohol,  126,  127. 
Anacardia  orientalia,  blistering  oil 

from,  454. 
Anaesthesia  from  ether,  129. 
Anaesthetics,  law  as  to,  21.  ' 
Anatomical  knowledge  of  the  an 

cients,  7. 
Anderseck— Case  recorded 
death  from  the  external 
corrosive  sublimate,  612. 
Anemone,  oil  of,  454. 
Anglada,  J._Work  of,  17. 
Anglo-Saxon  horror  of  poisoning,  9 

422*42?^  of  organic  acidsf  28, 
Aniline,  115. 

as  a  test  for  chloroform,  138. 
„     conversion   into  nitro-ben- 

zene,  116. 
, ,     form  of  precipitate  with  phos- 
pho-molybdic  acid,  222. 
method  of  extraction  from 
tissues,  175. 
,,     produced  by  nitro-benzene, 
173. 

„     -Separation  of  by  ammoni- 
acal  petroleum  ether,  234, 


by, 

iise 


33 
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Antiarin,  413,  414. 

—Effects  of,  414. 
,,      — Separation  of,  414. 
;>      — Treatment  of  poisoning 
by  (Appendix),  663. 
Antidote  bag  {Ap2)endix),  655. 
„      cupboard  ,,  671. 
multiple   „  671. 
Antidotes,  654-672. 
Antimonial  powder,  546, 

_  ,,        wine,  546. 
Antimonious  sulphide,  544. 

J  J  5)       mistaken  for 

manganese  binoxide, 545. 
Antimoniuretted  hydrogen— Action 

of  on  sulphur,  556. 
Antimony,  544-558. 

—Alloys  of,  549. 
—Chloride  of,  547. 

5,        effects  of, 
554,  555. 
— Chronic  poisoning  by, 
552. 

— Detection  of  inorganic 

matters,  555. 
—Dose  of,  650. 
—Diaphoretic,  549. 
— Elimination  of,  554. 
— Ethiops  of,  548. 
—Flowers  of,  549, 
—Glass  of,  549. 
mirrors,  how  to  distin- 
guish fromarsenical,526. 
oxide,  546. 

_  „  —Effects  of,  550. 
in  lozenges,  551. 
pentasulphide,  545. 
vapour,  effects  of,  550. 
—Post-mortem  appear- 
ances  after  poisoning 
553. 

—Quantitative  estimation 

of,  557.  ■ 
—Statistics   of  criminal 

poisoning  by,  36. 
—Sulphurated,  547. 
— Tartrated,  545. 
—Treatment  of  poisoning 

(  Appendix),  658, 
—Yellow,  550. 

Aplysice,  3. 
Apocodeine,  266. 
Apocynin,  416. 

—J^eatment  of  poisoning 
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Apomorpliine  hydrochlorate  as  an 

emetic  {Appendix),  655. 
Apomorphine — In  list  of  opium  alka- 
loids, 266. 
— Properties  of,301,302. 
Apopseudaconine,  334. 
Apple-trees — Effects  of  nitric  acid 

fumes  on,  82. 
Aqua  lauro-cerasi,  177. 

,,    orientalis,  593. 
Aqua  toffana,  11. 
Aratus,  4. 

Argonauts— Expedition  of,  1. 
Armstrong's  "Black  drop,"  272. 
Arnold— Case  related  by,  of  death 

from  prussic  acid,  180. 
Aromatic  sulphuric  acid,  58. 
Arrow  poison,  385. 

,,         of  the  Greeks,  4. 
Arsenites — Reactions  of,  523,  524. 
Arseniate  of  iron,  501. 
Arsenic,  494-544. 

J  J     — Conversion  of,  into  arseno- 
molybdate,  540. 
— Detection  of,  522. 

in  antimony 
sulphide,  545. 
J  ^  — Donovan's  solution  of ,  501 . 

— Dose  of,  505. 
,,     eaters,  509. 

J  J     — External  application  of,  for 
sheep,  503. 
— Imbibition   of,    by  dead 

animal  tissues,  531,  532. 
in  organic  matters,  535. 
in  the  arts,  499,  500. 
—Iodide  of,  499. 
— Law  relative  to  sale  of,  505. 
manner  of  introduction  into 

the  system,  509. 
— Marsh's  test  for,  524. 

precautions,  525. 
—Metallic,  494. 
—Oxidation  of,  and  precipi- 
tation by  magnesia  mix- 
ture, 539. 
 Pharmaceutical  prepara- 
tions of,  500,  501. 

 Physiological  action  of,521. 

—Statistics  of  poisoning  by, 
30-32,  37. 

 Trisulphide  solution  of  m 

ammonia,  and  subsequent 
titration  by  iodine,  539. 
—Sulphides,  499. 
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Arsenical  earth,  530,  531. 
Arsenical   poisoning  —  Absence  of 
symptoms 
in,  516. 

,,  ,,       — Acute  form 

of,  612,  513. 
„  ,,       — Antidote  and 

treatment  for 
522. 

,,  ,,       — Changes  in 

the  gullet, 
517-519. 

„  ,,       — Changes  in 

the  intestines 
after,  517. 
„  ,,       — Changes  in 

theliver,517. 
,,       —Changes  in 
the  stomach, 
517-519. 
— Forms  of,512. 
— Nervous  form 
of,  515. 
,,       — Post-mortevi 
appearances 
after,  517. 
— Post-mortem 
appearances 
in  man,  518, 
519. 

— Treatment  ofi 
658. 

,,      ptomaines,  464-466. 
,,      quack  medicines,  501. 
,,      slow  poisoning,  516. 
soaps,  503. 

veterinary  medicines,  502. 
,,      wall-papers,  512,  532. 
Arsenicalis  liquor,  500. 
Arsenious  acid,  494,  495. 

„         — Effects  of  on  animals 
— on  annelids — on 
birds  —  mammals, 
506-508. 
,,  —Effects  of,  on  man, 

508,  509. 
—Effects  of,  on  plants, 
505. 

— Reactions  of,  523, 
524. 

„         —Solubility  of,  495. 

Arsenites— Reactions  of,  523. 

Arseniuretted  hydrogen  (see  arsine). 

Arsine,  495,  496. 

„    —Caseofpoisomng  by, 497,498. 
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Arsine — Conversion  of,  into  arsenic 
chloride,  542-544. 
,,     — Effects  of,  on  animals,  497. 
,,     — Evolution  of,  by  the  action 
of  sodium  amalgam,  537. 
— History  of  discovery  of,  15. 
„     — Evolution  of,  in  the  arts, 
496,  497. 
Arterial  pressure,  44. 

) )  — Rise  of  in  poison  - 

ing  by  neutral 
salts     of  the 
alkalies,  102. 
Arteries — Con  traction  of,  in  poisoning 

by  ergot,  433. 
Arthralgia,  a  result  of  lead  poisoning, 

Artificial  respiration— Apparatus  for, 
42.  ^ 

Asiatic  knowledge  of  poisons,  5. 
Asparagin— Percentage  of  carbon  and 

nitrogen  in,  246. 
Aspidosamine,  32S. 
Aspidosperma  quebracho,  328. 
Aspidospermatine,  328. 

Atropa  &e&(^ow7za— Description  of, 
35  2> 

Atrophy— Yellow,  of  the  liver,  212. 
Atropine,  352-364. 

»      — Accidental  and  criminal 

poisoniug  by,  358,  359. 
'>       — Action  of  on  animals, 

359,  360. 
, ,      — A  ction  of,  on  frog's  heart, 
44. 

—Action  of,  on  man,  360, 
361. 

)>  — Antagonistic  to  musca- 
rine, 396. 

>'  — Antagonistic  to  physos- 
tigmine,  379. 

'  >      — Chronic  poisoning  by,  362. 

delirium,  361. 
„       —Diagnosis   of  poisoning 
by,  363.  ^ 
—Fatal  dose  of,  359. 
,,      — Gold  chloride  compound 

of,  248. 
,,      like  ptomaine,  462. 
„      —Mayer's   precipitate  of, 
247. 

>'  —Pharmaceutical  prepara- 
tions of,  354. 

„  —Physiological  action  of, 
on  the  eye,  356,  357. 


Atropine — Post-mortem  appearances 
in  cases  of  poisoning  by, 
363. 

— Properties  of,  355. 
) ,      — Separation  of,  by  ammoni- 

acal  benzene,  235. 
) ,      —  Separation  of , from  organic 

matters,  363,  364. 
,,      — Separation  from  the  urine, 

364. 

, ,      — Statistics  of  poisoning  by, 
32,  33,  357,  358. 
— Subliming  point  of,  355. 
„      —Tests  for,  356. 
)  >      — Treatment  of  poisoning  by, 
363 ;  and  Appendix,  659, 
Attalus  Phylometer,  2. 
Austra-terebenthene,  117. 

Bacilli— Cultivation  of,  51. 
,,      of  anthrax,  51. 
„      in  meat— Bad  effects  of,  471- 
475. 

Bain  de  Tersier,  503. 
Ballard,  Dr.— Report  of  disease  from 
sausages,  477. 
, ,        — Report  on  the  Notting- 
ham and  Welbeck  out- 
breaks, 471-475. 
Bamberger  on  albuminuria,  in  cases 
of  poisoning  by  sulphuric  acid,  71, 
Bandlin,  O.— Work  on  poisons  by,  17. 
Barium,  642-647. 

„      —Carbonate  of,  643. 
—Chloride  of,  643. 
— Salts  of,   effects  of,  on 

animals,  644. 
— Salts  of,   effects  of,  on 

man,  644,645. 
—Fatal  dose,  645. 
— Limit  of  toxicity,  38. 
, ,      —Poisoning  by,  post-mortem 
appearances  in,  646. 
—Symptoms,  645,  646. 
Barium  salts— Separation  of,  from 
organic    solids  and 
fluids,  646,  647. 
Haroptic  estimation,  248,  249. 
Barth  on  sodic  nitrite,  104. 
Barth(51(^my  d'Anglais,  14. 
Battle's  vermin-killer,  309. 
Baudens  and  Quesnoy-Calculationof 

deaths  from  chloroform,  135 
Baume  Jiovareiiti— Case   of  death 
from,  36. 
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Baxt  on  tlie  action  of  papaverine  on 

the  frog's  heart,  299, 
Baxt  on  the  action  of  thebaine,  300. 
Baynard,  Henri — Work  on  toxicology, 

17. 

Beddoes  on  the  action  of  digitalis  on 

the  pulse,  409. 
Bees— Poison  of,  448. 
, ,  — Sting  of,  treatment  (Appendix) 
671. 

Belgian  commission — Report  on  acid 

emanations,  76. 
Belladonna,  ,352-364. 

— Leaves,  poisoning  by, 
358. 

— Pharmaceutical  pre- 
parations of,  354. 

— Statistics  of  poisoning 
by,  30,  31,  36. 

— Treatment  of  poisoning 
by  {Appe7idix)  659. 

— Yield  of  atropine  from, 
353. 

Bellini,  Ranieri — Work  on  toxicology 
by,  17. 

Bembo — Case  of  poisoning  by  nitric 

acid,  recorded  by,  84. 
Bennet — Case  of  poisoning  by  coniine, 

related  by,  254. 
Benzene,  115. 

— Detection  and  separation 
of,  116. 

, ,     — Statistics  of  poisoning  by, 

31  32. 
„     —Tests  for,  116. 

—Treatment  of  poisoning 

by  (Appendix)  659. 
— Vapour,  effects  of,  115. 
Benzoic  acid,  as  the  result  of  saponi- 
fying aconitine,  336. 
Benzo-Isonitrile,  as  produced  in  test- 
ing for  chloroform,  138. 
Benzol  (see  benzene). 
Benzoline,  111. 

Berberine— Gold  cliloride,  248. 

J  J       — Phospho-molybdate,  222. 
— Separation  of,  by  ammon- 
iacal  benzene,  228. 
Bergeron  and  L.  Hote's  examination 

of  bodies  for  copper,  579. 
Bergmann— Work  on  poisons,  15. 
Bernard,  Claude— On  different  effects 
of  morphine  and  codeine,  295,  296. 
Bernard,  Claude— Effects  of  narceine, 
297. 


Bernard,  Claude — Effects  of  papaver- 
ine, 299. 

,,  ,,     — Views  of  the  com- 

position of  gastric 
juice,  75. 
Bernhardt  on  poisoning  by  carbon 

disulphide,  150. 
BerthoUet,  15. 

Bertrand,  C.  A.  R.  A. — Work  on 

poisons,  17. 
Berzelius'  test  for  arsenic,  523, 
Betaine — Percentage  of  carbon  and 

nitrogen,  246. 
Bibra  and  Schuchardt  —  Action  of 

phosphorus  on  the  blood,  207. 
Bichromate  disease,  637,  638. 
Bidder's  expermients  on  curarine,  386. 
Bile — Content  of,  in  sulphur,  72. 
Billroth  on  death  from  chloroform, 

137. 

Binnendijk  on  the  separation  of  car- 
bolic acid,  162. 
Binz,  C— Experiments  on  effects  of 
potassic  chlorate,  107. 
,,      — Work  on  poisons,  17. 
Binz's  theory  of  the  action  of  arsenious 

acid,  521. 
Bird,  C.  —Case  of  poisoning  by  aconite 

alkaloids,  reported  by,  345. 
Bismuth,  587-592. 

,,      — Carbonate  of,  588. 

—Citrate  of,  588. 
, ,      — Estimation  of,  by  potassic 

bichromate,  591. 
„      — Extraction  and  detection 

of,  589,590. 
,,      — In  the  arts,  588. 
,,      — Lozenges,  588. 

— Medicinal  dose  of,  589. 
„      —Oxide  of,  587. 
,,      — Subnitrate  of,  587. 

—Sulphide  of,  587. 
„      —Toxic  effects  of,  589. 
,,      — Valerianate  of,  588. 
Bismuthic  potassic  iodide,  221. 
Bisulphide  of  carbon,  149-151. 
Black  drop,  272. 
Black  lotion,  600. 

Blair's  gout  pills— Poisoning  by,  392. 
Blake's   experiments  with  prussic 

acid  on  animals,  182. 
Blois— Case  of  hellebore  poisoning, 

related  by,  376. 
Blondlot's  apparatus  for  evolution  of 

phosphine,  215. 
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Blondlot's  experiments  on  the  nature 

of  the  acid  of  the  gastric  juice,  75. 
Blood — Action  of  ammonia  on,  92. 

,,       nitro-benzene  on, 
174. 

,,  .  ,,.       phosphine  on,  207. 

,,  ,,       potassic  chlorate 

on,  108. 

,,  ,,  prussicacidon,186. 

,,  ,,       sodic  and  potassic 

salts,  102. 
J,  ,,       sulphuric  acid  on, 

62. 

,,    and  blood-spots — Examination 

of,  648-654: 
,,    corpuscles — Measurement  of, 

653. 

„  — In  poisoning  by  sulphuric 
acid,  62. 

,,  — Separation  of  strychnine 
from,  321. 

,,  — Sodic  and  potassic  salt  in 
different  proportions  indiffer- 
ent animals.  653,  654. 

„  —Solubility  of  phosphine  in, 
209. 

„    — Treatment  of,   in  Dragen- 
dorff's  process,  225. 
Bloxam's  galvanic  process  for  the 

detection  of  arsenic,  533. 
Blue  pigment  in  the  urine,  after 

taking  carbolic  acid,  161. 
Blue  pill— Composition  of,  598. 
Bocarm(5,  Count  —  Poisoning  of  M. 

Fougnies  by,  259. 
Biicker,  P.  W.  —Work  on  poisons,  17. 
Boeck —Work  on  poisons,  17. 
Bohm  on  action  of  barium  salts,  644. 
,,   — Caseof  mentaldiseasethrough 
chloroform,  recorded  by,  138. 
,,   — Case  of  contraction  of  the 
gullet  through  caustic  alkali, 
recorded  by,  98. 
)>   — Work  on  heart-poisons,  341. 
— Work  on  poisons,  17. 
Boerhave's  odontalgic  essence,  273. 
Bois— Case  of  poisoning  by  subcu- 
taneous administration  of  strych- 
nine, recorded  by,  311. 
Boleyn,  Anne,  12. 

Bones— Action  of  phosphorus  on,  206. 
,,    — Arsenic  in,  531. 

Bonfanti,  Tarchioni— Chronic  poison- 
ing by  cantharides,  related  bv. 
451.  ^' 


Borax  solution— Use  of,  in  dissolving 
out  hsematin  from  blood,  648,  649. 

BostrHm's  experiments  on  the  morelle, 
399. 

Botts'  analysis  of  samples  of  opium, 
267. 

Bouchardat— Case  of  poisoning  by 
phosphorus,  related  by, 
204,  205. 
, ,        —  Extraction  of  morphin  e 
from  the  urine  by,  292. 
Boussingault's  observation  of  a  sul- 
phuric acid  stream,  58. 
Bowman's     pathological  specimen, 
illustrating  effects  of  hydrochloric 
acid,  79. 
Boyle,  Hon.  Robert,  14. 
Bracconnot  on  the  gastric  juice,  74. 
Brain — Attraction  for  alcohol  of  the, 
125. 

Brame,  D.  —  Antiseptic  effects  of 

prussic  acid,  187. 
Brande,  16. 

Brass — Bronzing  of,  509. 

"  Bravo  "  case  of  poisoning,  552. 

Briande    and    Chaud^'s    work  on 

poisons,  17. 
Brighton  green,  582. 
Brinvilliers,  Madame  de,  12. 
Britannia  metal — Composition  of,  549. 
Brenner  on  chronic  poisoning  by 

phosphine,  208. 
Britannicus,  death  of,  7. 
Brodie,  Sir  Benj. — Experiments  on 
action  of  arsenic 
on  rabbits,  515. 
,,  Experiments  on 

action  of  baric 
chloride,  643. 
Bromine  test  for  carbolic  acid,  164. 
Bromo-picrotoxin,  435. 
Bronchitis — Improper  administration 

of  opium  in,  290. 
Brouardel  and   Boutmy's   test  for 

ptomaines,  467. 
Brouardel  andL'Hote's  case  of  poison- 
ing by  potassic  chlorate,  106. 
Brown,  Crura,  and  Eraser — On  action 
of  methyl  coniine,  252. 
! ,    — On  action  of  methyl  strych- 
nine, 324. 
))    — On    connection  between 
chemical  composition  and 
toxic  action,  37. 
Brucine,  .324-328. 
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Brucine— Phospho-molybdate  of,  222. 

„  — Precipitate  by  Mayer's  re- 
agent, 247. 

,,     — Properties  of,  324. 

„     —Salts  of,  324. 

, ,  — Short  process  of  extraction, 
238. 

,,     — Separation  of,  by  ammoni- 
acal  petroleum  ether,  232. 
)j     — Separation  of,  from  organic 

matters,  327. 
„     —Test  for,  326,  327. 
,,     — Treatment  of  poisoning  by 
{Appendix),  669,  670. 
Brunner  —  Injection  of  phosphorus 

into  the  veins  by,  201. 
Brunswick  green,  582. 
Brunton,  T.  L. — Lever  for  registering 
and  exhibiting  graphically  action 
of  heart,  44. 
Buchanan— Case  of  ether-poisoning 

recorded  by,  128. 
Buchner,  C.  A. — Case  of  poisoning  by 
nitric  acid  recorded 
by,  84. 

,,  — Case  of  mania  pro- 

duced by  chloro- 
form, 138, 

Buchner,  E.,  17. 

Buchwald — Case    of   poisoning  by 

agaricus  ruber,  398. 
Burgundy,  Duke  of,  8. 
Burkart —  Case  of  poisoning  by  chloro- 
form related  by,  133. 
Burnett's  fluid,  621. 

,,        ,,    —Case  of  death  from, 
624,  625. 

Busscher,  A. — Case  of  poisoning  by 
aconitine  related  by,  345-347. 

Butler's  vermin -killer,  309. 

Butter  of  antimony  (see  antimony 
chloride). 

Butyric  acid  produced  by  the  oxida- 
tion of  coniine,  252. 

Bynssen — Experiments  on  the  elimi- 
nation of  mercury,  615. 

Cadaveric  rigidity  in  death  from 

alcohol  poisoning,  124. 
Cadmium,  558-560. 

,,      — Fatal  dose  of,  559. 
,,      in  the  arts,  558,  559. 
,,      — Iodide  of,  558. 
,,      — Limit  of  toxicity  as  re- 
gards fish,  38. 


Cadmium — Medicinal  preparations 
of,  558. 
,,      — Ointment  of,  558. 
,,      — Oxide  of,  558. 
, ,      — Separation  and  detection 

of,  559,  560. 
,,       sulphide,  558,  559. 
CaiUol  and  Livon — Experiments  on 

antimony  oxide,  551. 
Calabar  bean,  377-381. 

, ,        , ,  — Treatment  of  poisoning 
by  (Appendix),  659. 
Calabarine— Properties  of,  377. 
Calomel  (see  mercurous  chloride). 
Calvert's  carbolic  acid  powders,  153. 
Camphor,  119. 

,,     — Compound   liniment  of, 
120. 

,,     — Compound   tincture  of, 
120. 

,,     — Liniment  of,  120. 
,,     — Poisoning  by,  120. 
,,     — Separation  of,  121. 
„     — Separation  of,  by  petro- 
leum ether,  121. 
„  — Post-mortem  appearances 
in  cases  of  poisoning,  120. 
Camphora  officinarum,  119. 
Camphoric  acid,  120. 
Candles,  arsenical,  530. 
Cantharides,  448-454. 

,,       — Chronic  poisoning  by, 

451,  452. 
, ,        — Pharmaceutical  pre- 
parations of,  449. 
— Poisoning  by,  450. 
,,        — Post-mortem  appear- 
ances in  poisoning  by, 
452. 

— Statistics  of  poisoning 
by,  30,  31,  36. 
Cantharidin — Effects  on  animals,  450. 

,,      on  man,  450, 451. 
„       — Properties  of,  449. 
, ,       — Separation  of,  453, 454. 
,,       — Separation  of,  by  ben- 
zene, 227. 
,,       — Sublimingpointof,245. 
„       —Tests  for,  452,  453. 
Caoutchouc  as  a  constituent  of  opium, 
266. 

Capsaicin— Separation  of,  by  ammoni- 
acal  petroleum  ether,  32,  226. 

Capsicum  seeds — Distinguished  from 
datura,  354. 


INDEX. 


681 


Carbolic  acid — Assay  of,  168. 

,,  ,,  — Changes  in  urine  pro- 
duced by,  160. 

,,  ,,  — Colorimetric  method 
of  estimating,  168. 

;,       ,,   — Effects  on  animals  ; 

fish,  frogs,  infusoria, 
and  warm  -  blooded 
animals,  155,  156. 

,,       ,,  — Fatal  dose  of,  154. 

„  ,,  — Internal  admiaistra 
tion  of,  158. 

,,  ,,  — Physiological  action 
of,  161. 

,,  ,,  — Post-mortem  appear- 
ances in  poisoning  by, 
162. 

,,  ,,  — Powders,  assay  of, 
168,  170. 

„       ,,   — Properties  of,  151. 

J)  !)  — Quantitative  estima- 
tion of,  164. 

)>  >»  — Separation  of,  by  pe- 
troleum ether,  in 
Dragendorfif's  pro- 
cess, 225. 

))  »  — Separation  of ,  by  the 
urine,  160. 

,,       ,,   — Soaps,  153. 

analysis  of,  153- 
170. 

i>       I)   — Statistics  of  poison- 
ing by  (Tables  I.,IL, 
III.)  30-32,  33,  153. 
)j       >)   — Symptoms  of  poison- 
ing by,  156,  157,159. 
„  —Tests  for,  163. 

Carbon  disulphide,  149-151. 

— Chronic  poison- 
ing by,  149. 
— Detection  and 
separation  of, 
150,  151. 
— Effects  on  ani- 
mals of,  149. 
— Poisoning  bv, 

149.  ^ 
-■■P  ost-mortem 

appearances  in 
poisoning  by, 

150.  ' 
Carbon  tetrachloride,  140. 
Carbonate  of  soda,  97, 

Carbonic   acid  gas  —  Statistics  of 
poisoning  by,  36. 


Cardan,  Jerome,  14. 

Carnelly  —  Action  of  solvents  on 

copper,  578. 
Carotid  artery — Exposure  of,  in  the 

rabbit,  45. 
Carpet — Action  of  sulphuric  acid  on 

woollen,  62. 
Carry's  process  of  freezing  by  am- 
monia, 91. 
Carrifere — Case  of  death  from  a  prussic 

acid  enema,  related  by,  180. 
Casper — Case  of  poisoning  by  sul- 
phuric acid,  related  by,  71. 
,,    —  Case  of  poisoning  by  verat- 

rum,  376. 
, ,    — On  cadaveric  rigidity  in  alco- 
holic poisoning,  124. 
,,    — On  lethal  dose  of  colcliicum, 
391. 

,,    — On  poisonous  properties  of 

nitro-benzene,  171. 
,,  — Work  on  poisons,  17. 
Cass,   W.  C.  —  Case  of  excessive 
morphine-taking,     recorded  by, 
291. 

CassariUin — Separation  of,  by  ben- 
zene, 228. 

Cassava — Content  of,  in  prussic  acid, 
178,  179. 

Cassella,  yellow,  550. 

Oataplasma  conii,  253. 

Cativolcus,  4. 

Cattle-poisoning  by  lead,  566. 

,,  in  India,  5. 

Cedrenes,  117. 

Celandine— Extraction  of,  by  chloro- 
form, 238. 

Cephalopoda — Influence  of  various 
poisons  on,  39. 

Chalk  and  opium — Aromatic  powder 
of,  271. 

Charles  leMauvais,  kingof  Navarre,  8. 
Charles  IX.,  8. 

Chelidonium — Percentage  of  carbon 

and  nitrogen  in,  246. 
Cherry  laurel  —  Content  of  prussic 

acid  in,  178. 
Che^vallier,  A.— Work  on  toxicologj', 

Chittenden  and  Donaldson— Method  of 

estimating  arsenic,  535. 
Chiaje,  S,— Work  on  toxicology,  17. 
Children  poisoned  by  opium,  275. 
Ching's  worm-lozenge,  604. 
Chloral  hydrate,  141-148. 
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Chloral  hydrate — Action  on  blood, 
143,  144. 

„  — Antagonistic  to 

physostigmine,379. 

— Antagonistic  to 
picrotoxin,  437. 
„     — Chronic  poisoning 
by,  147. 

— Depression  of  tem- 
perature by,  143. 

— Effects  on  animals, 
142. 

,,      — Effects  on  man, 144. 
;,     — Fatal  dose  of,  144, 
145. 

,,  — Manufacture  of 
chloroform  from, 
132. 

,,  — ^Properties  of,  141. 
,,  ,,     — Secretion  of  milk 

diminished  by,  143. 
„     — Separation  of,  from 

organic  matters, 

148. 

,,  — Statistics  of  poison- 

ing by,  31,  32,  33. 
,,  ,,     — Treatment  of 

poisoning  by 
(Appeiidix),  660. 
Chlorate  of  potash— Poisoning  by,  104. 

Treatment  of 
poisoning  by 
{Appendix),  660, 
6(36. 

Chlorates— Test  for,  110. 
Chloride  of  gold,  221. 

,,       of  zinc  (see  zinc). 
Chlorodyne,  273. 

—Statistics  of  poisoning 
by,  30,  31,  274. 
Chloroform— Adulteration  of,  130. 

—Alcohol  as  an  impurity 
of,  130,  131. 
, ,        — Anagsthesia  by,  136, 137. 
— Chronic  poisoning  by, 
137. 

— Discovery  of,  130. 

— Detection  and  estimation 

of,  138. 
— Fatal  dose  of,  133. 
^  ^        —General  effects  of  liquid, 

13.3. 

— Law  againsb  criminal 
administration  of,  21. 
,,        — Local  action  of,  132. 


Chloroform — Mania  produced  by,138. 

,,        — Manufacture  of,  132. 

,,  — Post-mortem  appear- 
ances inpoisoning  by  the 
liquid,  138. 

,,  — Post-mortem  appear- 
ances inpoisoning  by  the 
vapour,  134. 

, ,  — Properties  of,  130. 

,,  — Quantitative  estimation 
of,  139. 

,,        — Statistics  of  poisoning 

by  liquid,  132. 
,,        — Statistics  of  poisoning 

by  vapour,  135. 
,,        — Statistics    relative  to 

poisoning  by,   31,  32, 

33. 

,,  — Suicidal  and  criminal 
poisoning  by,  135. 

, ,  — Symptoms  produced  by, 
134. 

—Tests  for,  130-138. 
, ,        — Tests  for  alcohol  in,  131. 
Chloromethane,  140. 
Chloroxal-methyline,  493. 
Christison,  Sir  Robert— Auto-experi- 
ments on  the  effects  of 
calabar-bean,  379. 
, ,        — Case  of  external  applic- 
ation of  opimn,  recorded 
by,  288. 
,,        — Case  of  poisoning  by 
acid  sulphuric,  60. 
— Case  of  poisoning  by 
laburnum,  372. 
„        —Case  of  poisoning  by 

snufif,  260. 
„        — Description  of  oxalic 
acid  poisoning,  485. 
— On  poisonous  dose  of 

strychnine,  311. 
— Work  on  poisons,  17- 
Chromates  and  chromium — Separation 

of,  640. 

death  from, 
639. 

„  —Poisoning 
by,638-639 
—Treatment 
of  poison- 
ing by 
(Aj)pendix) 
661. 
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Chrome  red,  563. 

,,     yellow,  564. 
Chromic  acid — Statistics  of  poisoning 

by,  32,  33. 
Chromium,  636-641. 

„        compounds — Effect  on 
animals,  637. 
),  „       — Effect  on 

man,  637. 
Ciaccio,  Prof. — Experiments  on  pto- 
maines, 466. 
Ciciita  virosa,  438. 
Cicutoxin,  438,  439. 

„      — Effects  on  animals,  438. 
5 J  ,,        man,  439. 

,,      — Separation  of,  439. 
Cinchonidine— Plat,  chloride,  248. 
Cinchonine— Extraction  of,  by  am- 
moniacal  benzene,  235, 
237. 

>j  — Extraction  of,  by  chloro- 
form, 239. 

J  J  — Phospho-molybdate  of, 
222. 

jj       — Plat,    chloride,  com- 
pound of,  248. 
„       Precipitate,   by  Mayer's 
reagent,  247,  253. 
Cinnabar,  602. 

„      — Dose  for  horses,  604. 
Circulation— Changes  in,  produced  by 
poisons,  43. 
and  respiration — Apparatus 
for  graphically  represent- 
ing, 48. 
Cithagin,  411. 

Claudius— Death  of,  from  poison,  6. 
Cleopatra— Death  of,  6. 
Clement   XIX.    and  the  court  of 
poisoners,  12. 

Clothing— Action  of  sulphuric  acid 

on,  62. 
Coal-tar  creasote,  151. 
Cobalt,  627-631. 

—Estimation  of,  630. 
—Limit  of  toxicity  for  fish, 
38, 

„  —Salts,  effects  on  animals. 
628,  629. 

5)     — On  the  circulation,  629. 

'>    —On  the  nervous  system,  629. 

, ,  —  Separation  from  animal  mat- 
ters, 630. 

„    —Action  ou  striped  muscle, 


Cobra— Poison  of,  455-461. 

,,    — Chemical  composition  of,  455. 

,,    —Detection  of,  459,  460. 
Cobra  poison — Effects  of,  on  animals, 
450. 

„  ou  man,  450, 

451. 

— Platinum  compound 
of  the  active  principle, 
455. 

,,        — Properties  of,  455. 
Cocaine,  carbon  and  nitrogen,  per- 
centage of,  246. 
Cocculus  indicus,  434. 

))  5,     — Case  of  poisoning 

by,  436. 

»  „     — Treatment  of 

poisoning  by  {Ap- 
pendix), 661. 
Codamine,  in  list  of  opium  alkaloids, 
266. 

—Tests  for,  302. 
Codeine,  266. 

,,  —Carbon  and  nitrogen,  per- 
centage of,  247. 

,,     —Effects  of,  295. 

, ,     — Lethal  dose  of  nitrate,  325. 

„     —Phospho-molybdate,  222. 

,,     —Platinum  compound  of, 248. 

5  J  — Separation  of,  by  ammoni- 
acal  benzene,  236. 

,,  — Sleep,  contrasted  with  that 
produced  by  morphine, 
296. 

Colchiceine— Carbon  and  nitrogen, 
percentage  of,  246. 
„       —Properties  of,  388,  389. 
, ,       — Colour  reactions  of,  389. 
Colchicine,  387-394. 

)>       — Behaviour  towards  fer- ' 
rid-cyanide  of  potash, 
467. 

„  — Carbon  and  nitrogen, 
percentage  of,  246. 

, ,       —Colour  reactions  of,  389. 

,,  — Effects  on  animals  pro- 
duced by,  391. 

>»  — Extraction  of  by  petro- 
leum ether,  227. 

„  —Phospho-molybdate  of, 
222. 

),       — Precipitates  of,  389. 

—Properties  of,  388. 
,,       —Separation  of,  from  or- 
ganic  matters,  393,  394. 
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Colchicum— Effects  on  man,  391,  392. 

„     —Extract  of,  390. 

„     —Fatal  dose  of,  391. 

),     — General    symptoms  of 
poisoning  by,  393. 

,,      — Pharmaceutical  prepara- 
tions of,  389. 

,1     — Posi-moriem  appearances 
in  poisoning  by,  393. 
— Quack  and  patent  pre- 
parations of,  390,  391. 

,,     seeds,  390. 

„     — Statistics   of  poisoning 

by,  30,  31,  36. 
„     — Tincture  of,  390. 
,,     — Treatment  of  poisoning 
by,  661. 
vinegar,  390. 
,,     wine,  390. 
Colic,  as  a  result  of  lead  poisoning, 
569-574. 

Collidine — Behaviour  of,  towards  fer- 
rid-cyanide  of  potash,  467. 
as  a  constituent  of  tobacco, 
261. 

Colocynth — Statistics    of  poisoning 
by,  31. 

,,     — Treatment  of  poisoning 
by  {Appendix),  661. 
Colocynthin— Extraction  of  by  petro- 
leum ether,  227. 
Colophene,  117. 

Colour  reactions  of  the  alkaloids, 
240. 

Coma  of  epilepsy,  290. 
Conhydrine,  252. 

,,        — Carbon  and  nitrogen, 
percentage  of,  246. 
Coniferae — Action  of  acid  vapours  on, 
82. 

Coniine,  250-255. 

and   nicotine  —  Distinctive 
tests  for,  258. 
,,      carbon  and  nitrogen — Per- 
centage of,  247. 
— Discovery  of,  16. 
,,     — Effects  on  animals  of,  258. 
,,     — Effects  on  man  of,  254. 
,,     — Fatal  dose  of,  254. 
,,     —Methyl,  252. 
„     — Pharmaceutical  prepara- 
tions of,  252. 
— Phospho-molybdate  of,222. 
— Physiological    action  of, 
254. 


Coniine — Platinum  compound  of, 248. 
,  >     — Post-mortem  appearances 

in  poisoning  by,  254. 
,,     — Precipitating  agents  for, 
251. 

,,     —Properties  of,  250,  251. 
,,     — Ptomaine  resembling,  464. 
,,     —Salts  of,  250,  251. 
, ,     — Statistics  of  poisoning  by, 
253. 

,,     — Treatment  of  poisoning  by 

(Appendix),  661. 
,,     — Value  of  Mayer's  precipi- 
tate of,  247. 
Convulsives,  25. 

Cooke  Barrington — Case  of  poisoning 
by  antimony  chloride,  recorded 
by,  555. 
Copper,  578-587. 

, ,     — Ancient  knowledge  of,  4. 
,,     as  a  normal  constituent  of 
animal  and  vegetable  or- 
ganisms, 579. 
,,     — Chronic  poisoning  by,  584, 
585. 

,,     — Detection  and  estimation 

of,  585. 
,,     in  animal  matters,  586. 
,,     in  water,  585. 
,,     — Effects  of,  on  animals,  582. 
,,     in  articles  of  food,  580,  581. 
,,     in  the  arts,  581. 
,,     in  wheat,  580. 
,,     — Limit  of  toxicity  of,  38. 
, ,     — Medicinal  dose  of,  582. 
,,     — Medicinal  preparations  of, 

581. 

,,     — Oxide  of,  578. 

— Poisonous  dose  of,  582. 
, ,     — Post-mortem  appearances 

in  poisoning  by,  584. 
,,     —Solubility   of,  in  various 

fluids,  578,  579. 
, ,    — Statistics  relative  to  poison- 
ing by,  30,  31,  33,  36. 
— Sulphate,  acute  poisoning 
by,  583. 
— Post  -  mortem 
appearances,  584. 
,,     —Treatment  of  poisoning  by 
(Appe?idix),  662. 
— Volumetric    processes  of 
determining,  586,  587. 
Coqueret— "Mass"  poisoning  from 
arsenic,  recorded  by,  516. 
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Corpse — Decomposition  of,  after  death 

from  poisoning,  8. 
Corrosive  sublimate   (see  mercuric 

chloride). 
Council  of  ten,  9. 

Couty,  M. — Observations  on  cura- 

ine,  387. 
Creasote,  165. 

M  — Poisonous  properties,  166. 
Cresol,  165. 
Cresylic  acid,  152. 

Criminal  Poisoning— Statistics  rela- 
tive to,  35. 
Cross — Experiments  on  pigeons  with 

alcohol,  126. 
Ci-oton  oil,  442-444. 

) ,     — Chemical  analysis  of,  444. 
„     —Dose  of,  443. 
„     —Effects  of,  443,  444. 
J,     — Liniment  of,  444. 
]]     — Pos<-7«ortem  appearances 
in  poisoning  by,  444. 
— Cases  of  poisoning  by, 
444. 

> )     — Statistics  of  poisoning  by, 
36. 

!>     — Treatment  of  poisoning 
by  {Appendix),  662. 
Croton  seeds,  443. 

Crum's  method  of  estimating;  nitrates 
89. 

Crural  artery— Exposure  of,  in  rabbit, 
46. 

Cryptopine,  260. 

,,       —Properties  of,  300. 
Curarine,  384-387. 

— Carbon  and  nitrogen,  per- 
centage of,  247. 
,,     —Extract  of,  384-387. 
„     —Physiological   effects  of, 
385,  386. 
— Platinum  compound  of 
248. 

„     —Properties  of,  385. 
„     —Separation  of,  386,  387. 
„    —Tests  for,  385. 
,,     —Treatment   of  poisoning 
(Appendix),  662. 
Cutting  and  stabbing"  as  a  means 
or  suicide,  34. 
Cyanide— Mercuric,  194 
„    —Methyl,  194. 

„    — Statistics  relativetopoison- 

i»g  by,  30,  32,  33,  36. 
„    -Silver,  194. 


Cyanide— Sodic  and  ammoniac,  193. 
Cyanides,  double,  193. 
Cyanogen  chloride,  194. 
Cyanuric  acid,  195. 
Cymene,  119. 
Cymogene,  111. 

Cystitis — Caused  by  eating  Algerian 

frogs,  453. 
Cytisine,  370-372. 

,,     — Carbon  and  nitrogen,  per- 
centage of,  .247. 
,,    — Effects  on  animals,  371. 
>.  man,  371,  372. 

—Nitrate  of,  371. 
—Properties  of,  370,  371. 
—Tests  for,  371. 
— Treatment  of  poisoning  by 
(Appendix),  662. 
Cytisus  laburnum,  370. 
Czermac's  rabbit-holder,  45. 
Daphne  mezereon,  4. 
Datura  alba,  353. 

,,       —Atrox,  353. 
,,       —Delirium,  361. 
,,       — Fastuosa,  353. 
,,       — Seeds,  353. 
) )       — Statistics  of  poisoning, 
35. 

Datura  siramowiMm— Statistics  of 
poisoning  by  (Table  III.),  32,  36 

Davidson,  Dr.— Case  of  poisoning  by 
spurred  rye,  432. 

Davidson's  "  cancer  remedy  "  502 

Davy's  (Dr.  E.)  method  of  detectine 
arsenic,  537.  ° 

Davy,  Sir  H.,  15. 

^^f*^|g       England   from  poison, 
Deliriants,  25. 

Delirium  tremens  and  atropine  poi- 
soning, 363. 

n  1     ,  —Deaths from,  122. 

Delpech— Case    of    carbolic  acid 

poisoning  recorded  by,  150 
Delphmine  -Action  of  on  heart  under 
the  influence  of  did- 
talin,  411.  ^ 
—Carbon   and  nitrogen. 

content  of,  246. 
—Discovery  of,  16. 
—Gold  chloride  compound 

of,  248.  ^ 
—Separation  of,  by  ben- 
zene, 236. 
—Sublimation  of,  244. 
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Demosthenes — Death  of,  6. 
Deutsch — Case  of  poisoning  by  sul- 
phuric acid  related  by,  60. 
De^rgie,  A. — Work  on  toxicology, 

DAatem-plants,  353. 

,j  „      — Criminal  use  of, 

by  the  Hindus, 
358,  359. 

Diallylendiamine — Reaction  with  fer- 

rid-cyanide  of  potash  of,  467. 
Digestive  tract — General  action  of 

poisons  on,  51. 
Digitalein — Properties  of,  400,  401. 
Digitaleretin,  402. 
Digitaletin,  401. 
Digitalin,  401. 

— Action    on    the  frog's 
heart,  411. 
,,      — Action  on  the  heart,  409, 
410. 

,,  — Action    on    the  muco- 
intestinal  tract,  410,  411. 
— Case   of  poisoning  by, 

406-408. 
—Colour  reactions  of,  403. 
—Fatal  dose  of,  403,  404. 
—French,  402. 
1      ,,      — German,  402. 

,,  — Local  action  of,  409. 
,,      — Homolle's,  402. 

— Physiological  action  of, 
,  409. 

,,  — Post-mortem  appearances 
of  poisoning  by,  412. 

— Reaction  with  potassic 
ferrid-cyanide,  467. 

— Separation  of,  by  benzene, 
228. 

,,      — Separation  of,  by  chloro- 
form, 229. 
Digitalis,  399-413. 

,,      — Acetum,  403. 

,j  — Botanical  characters  of, 

399,  400. 
„      —Effects  on  man,  405,  406. 
—Dose  of,  405. 
— Glucosidal,contentsof,400. 
— Pharmaceutical  prepara- 
tions of,  403. 
J,      — Poisoning — Treatment  of 
{Appendix),  663. 
—Seeds,  399,  400, 
„      — Statistics     relative  to 
poisoning  by,  36,  405. 


Digitalis— Tincture  of,  403. 
Digitin,  402. 
Digitonin,  401. 

,,       —Tests  for,  403. 
Digitoxin,  401,  402,  404. 
Dimethyl-protocatechuic  acid,  336. 
Dinitrosulphide  of  iron — Method  of 

preparing,  130. 
Diodon— Poison  of,  446,  447. 
Dioscorides,  3. 

Diphenylamine — Reaction  on,  with 
potassic  ferrid-cyanide,  467. 

Disinfectants,  152. 

Disinfecting  fluid  —  Poisoning  bv, 
152,  153 

Disinfecting  powders,  152,  153. 

Dixon's  piUs— Composition  of,  548. 

Dolbeau's  experiments  on  anaesthe- 
tising sleeping  persons,  136. 

Domitiau,  3. 

Dover's  powder,  271. 

Dragendorff,  J.  G. — Experiments  on 
conune  by, 
253. 

,,  ,,     his  method  of 

examining 
blood,  649. 

,,  ,,     for  estimating 

alkaloids  in 
nux  vomica, 
309. 

,,  ,,     for  extraction 

of  alkaloids, 
222. 

,,  ,,     for  extracting 

cantharidin, 
452,  453. 
,,  ,,     for  extracting 

gelsemine,  332, 
333. 

,,  „     for  extracting 

morphine  from 
urine,  292. 
5  J     of  separating 
curarine,  386, 
387. 

,,  of  separating 

strychnine,321. 
,,  qiiebracliine 
alkaloids,  328. 
— Researches  on  cantha- 
ridin, 453,  454. 
,,  — Researches   on  ergot, 

427,  428. 
,,      — Separation  of  solanine, 
370. 


INDEX. 


687 


Dragendorff — Short  method  of  extrac- 
ting alkaloids,  238. 
— Test  for  physostigmine, 
378. 

Duboia  JRussellii  (see  Hmsell's  viper). 
Duflos'  prussic  acid,  177. 
Dupr^  on  elimination  of  alcohol,  125. 
on  presence  of  copper  in  dif- 
ferent substances,  580. 
Duroy's  estimation  of  alcohol  in  the 

brain,  125. 
Dutch  pink,  564. 
Duteil,  A.,  2, 

Dworzak  —  Auto  -  experiments  on 
coniine,  255. 
,,      and  Heinrich — Auto-experi- 
ments on  nicotine,  262. 
Dyers'  acid,  82. 

Earth— Ai'senical,  530. 

5,    — Action  of  sulphuric  acid  on. 
62. 

£Ja2i  d'Afrique,  593. 
Eau  de  Javelle,  36,  97. 
Ecboline,  427. 
Eczema  arsenicale,  517. 
Egyptian  knowledge  of  poisons,  2. 
Emery,  Nicolas,  14. 
Emetine — Decomposing    action  of 
ammonia  on,  231. 
„     — Reaction     with  ferrid- 

cyanide  of  potash,  467. 
5.     — Phospho-molybdate,  222. 
„     — Platinum   chloride  com- 
pound, 248. 
— Separation  of,  by  ethereal 
solvents,  232-237. 
English  law  as  to  poisons,  20. 
Engravers'  acid,  82. 
Enzel  on  the  normal  amount  of  car- 
bohc  acid  in  the  human  body,  162. 
Epilepsy— Possible   confusion  with 
strychnine  tetanus,  317. 
>>     —Production  of  by  chloro- 
form, 136. 
Ergot,  426-434. 

—Chemical  properties, 426-428. 
„  ■  — Colouring  matters,  428. 

—Detection  of  in  flour,  429. 
'>    — Fatal  dose  of  poisoning  bv 
429,  430.  ^  ^' 

>.    —Fixed  oil  of,  426. 
„    —Inert  form  of,  428. 
)>    — Infusion  of,  429. 
„   —Liquid  extract  of,  429. 


Ergot— Medicinal  dose  of,  429,  430. 
„    — Pharmaceutical  prepara- 
tions, 429. 
„    —Piysiologicalaction, 432-434. 
»    — Symptoms  of  acute  poisoning 

by,  432. 
„    —Tincture  of,  429. 
J  J    — Treatment  of  poisoning  by 
(Appe7idix),  663. 
Ergotinine,  427. 

,,  — Behaviour  of,  towards 
ferrid-cyanide  of  potash, 
467. 

Ergotism,  430-432. 

„      —Gangrenous  form  of,  430, 
431. 

,,      —Epidemics  of,  430. 
Ericolia — Separation  of,  by  benzene. 
228. 

Erythrophlceum  guineense,  419. 
Erythrophlein,  419. 

j5  — Treatment  of 
poisoning  by  {Ap- 
pendix), 663. 
Eserine  (see  physostigmine). 
Essential  oils,  117. 
Ether,  127-129. 

,,    as  an  anesthetic,  128. 
,,    as  a  poison,  128. 

drinkers,  128. 
„    -Fatal  dose  of,  128. 
,,    —Recovery-apparatus,  54. 
,    — Separation    from  organic 
fluids,  129. 

.,    — Statistics  of  poisoning  by,  32. 
)>    — Treatment  of  poisoning  by 
{Appendix),  663. 
Ethiop's  mineral,  601. 

»  »     —Dose  of  for  cattle, 

604. 

Ethyl  chloride— Determination  of  in 
chloroform,  131. 
„    oxide  sulpho-carbonate,  151 
„    strychnine,  235. 
Euchlorine  test  for  carboHc  acid,  164 
Eulenberg's  experiments  on  alcohol' 
126.  ' 
„         experiments  on  benzene 
vapour,  115. 
experiments  on  hydro- 
chloric acid  gas,  76. 
j>         experiments  on  mercury 

vapour,  606. 
„         experiments   on  nitric 
acid  vapour,  83. 
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Eulenberg's  experiments  on  nitro- 
benzene vapour,  171. 
experiments   on  oxalic 
acid  vapour,  484,  485. 
experiments   on  petro- 
leum, 113. 
experiments    on  plios- 

phine,  207,  208. 
experiments    on  phos- 
phorus, 206. 
experiments  on  poison- 

insj;  by  coniine,  255. 
experiments  on  lead,  571. 
experiments  on  strych- 
niae,  311. 
EuphorhiaceoB—St&tiatics  of  poison- 
ing by,  36. 
Evonymin,  415. 

— Treatment  of  poisoning 
by  [Appendix),  663. 
Ewer's,  D. — ^Work  on  aconite,  341. 
Eyes— Inflammation  of,  by  ammonia, 
92. 

Faber— Case  of  poisoning  by  verat- 

rum,  recorded  by,  376. 
Face— Injury  of,  by  sulphuric  acid,  62. 
Eagge  and  Stevenson  on  the  action 
of  dipitalin  on  the  frog's  heart,  411. 
Ealck,  F.  A.,  18,  59,  90. 

J  J  — Depression  of  tempera- 
ture in  chloral  poison- 
ing, 143. 
— Experiments  on  lethal 
dose  of  brucine  and 
strychnine,  325. 
— Experiments  on  strych- 
"         nine,  310-313. 
, ,       — Statistics  of  alkali  pois- 
"  oning,  97. 

,,  atropine 
poison- 
ing, 363. 
chloroform 
poison- 
ing, 132, 
134. 
laburnimi 
poison- 
ing, 372. 
phosphorus 
poison- 
rag,  200. 

Falck,  C.  Ph.,  and  L.  Vietor— Local 
action  of  sulphuric  acid,  61. 
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Faraday  —  Liquefaction  of  hydro- 
chloric acid  gas,  74. 
FeneuUle — Discovery  of  delphinine 

by,  16. 
Ferric  chloride,  631. 

,,         ,,    — Criminal     case  of 
poisoning  by,631-633- 
,,         ,,    — Effects  on  animals, 
632. 

,,  ,,    — Effects  on  man,  632. 

,,         ,,    — Elimination  of,  633. 

,,  ,,    — Estimation  of,  633. 

,,         ,,    — Solution  of,  631. 

,,         ,,    — Test    for  carbolic 
acid,  631. 
Ferric  salts — Search  for,  in  animal 

tissues,  634,  635. 
Ferrid-cyanide  of  potash  as  a  test  for 

ptomaines,  467. 
Ferrier,  Dr.  David — ^Work  on  poisons, 

18. 

Ferro-cyanide  of  potash — Poisoning 
i^y.  179. 

Ferrous  chloride — Use  of,  in  estimat- 
ing nitric  acid,  88. 

Ferrous  sulphate,  634. 

Filehne's  observations  of  the  blood  in 
poisoning  by  nitro-benzene,  174, 175 

Filho's  caustic,  96. 

Fish — Effects  of  carbolic  acid  on,  155. 
,,      picrotoxin,  436. 
— Michet's      experiments  on 
poisoning,  38. 
,,  — Poisonous,  446,  447. 

Fitzwalter,  Maud— Poisoning  of,  9. 

Flake,  white,  563. 

Flandin,  C— Work  on  poisons,  18, 

Fleck's    researches  on  the  air  of 
arsenical  rooms,  497. 

Fleming,  A. — Work  on  aconite,  341. 

Flemings  tincture  of  aconite— Fatal 
case  of  poisoning  from,  339. 

Fliickiger's  method  of  opium  assay, 
268. 

test  for  carbolic  acid,  166. 
Flem'y's  method  of  opium  assay,  269. 
Fly_Effects  of  poisons  on,  40. 
,,  paper,  arsenical,  502. 
,,  water,  arsenical,  502. 
Fod^r^'s  classification  of  poisons,  24. 
FonteneUe— Case  of  ergot  poisonmg, 

recorded  by,  431. 
Fool's  parsley,  439.  ,  ,  m 

Fougnies,  M.— Poisonmg  ot,  by  i>i. 
Bocarme,  259. 
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Fountain,  Dr. — Case  of  poisoning  by 
potassic  chlorate,  recorded  by,  107 

Foamier  and  Olliver— Case  of  phos 
phorus  poisoning,  recorded  by,  206. 

Francheschini,  Dr. — Work  on  aconite, 
341. 

Frantzel  —  Case   of  poisoning  by 

alcohol,  recorded  by,  123. 
Fraser's  researches  on  atropine,  360. 

,,      strophantin,  416. 
Fraser  anrl  Crum  Brown  on  the  action 

of  methyl  coniine,  252. 
Freer — Case  of  poisoning  by  tartar 

emetic,  reported  by,  552. 
French  law  as  to  poison,  22. 
French  statistics  of  poison,  35-37. 
Friedliinder's  aconitine,  336-338. 
Fuchsine  as  a  reagent  for  testing  for 

the  presence  of  alcohol,  131. 
Fungi  —  Statistics  of  poisoning  by 

(see  also  mushrooms),  30. 
Fusel  oil— Effects  of,  127. 


Galen,  4. 

Galls  and  opium — Ointment  ofj  271. 
Galtier,  C.  P.,  18. 

Gamgee's  measurements  of  wave- 
lengths of  bands  in  blood-spectra, 
650.  ^ 

Garelli,  11. 

Gas-bubbles  in  blood,  noticed  after 

death  from  chloroform,  138. 
Gasolene,  111. 

Gastric  juice— Amount  of  hydro- 
chloric acid  in,  75. 

Gastrocnemius  of  frog — How  to  ex- 
pose, 50. 

Gay-Lussac,  15. 

Gehlen,  15. 

, ,    — Death  from  arsine,  497. 
Gelatine  pork,  51. 
Gelsemic  acid,  329. 
Gelsemine,  329-333. 

„        — Carbon  and  nitrogen, 

percentage  of,  246. 
„       — Effects  on  animals,  330, 
331. 

,,       — Effects  on  man,  332. 
,,       — Extraction   of,  from 

organic  matters,  332, 

333. 

„       —Fatal  dose  of,  330. 
,,        —Physiological  action, 

330-332. 
,)       —Properties,  330. 


Gelsemne — Treatment  of  poisoning 

by  {A2^pendix),  664. 
Germa  law  as  to  poison,  21. 
Gescheidlen  on  the  action  of  morphine 

on  frogs,  284. 
Gipsies — Knowledge  of  poisons  by,  5. 
Giraud,  H.  —Poisoning  by  datura,  361. 
Giulini — Case  of  phosphorus-jooison- 

ing  recorded  by,  341. 
Glauber,  73. 

Glossitis  as  an  occasional  effect  of 

arsenic,  520. 
Glucosides— Classification  of,  28. 
Gmelin's  experiments  on  barium,  644. 
Goby— Poison  of,  447. 
Godfrey's  cordial,  271. 

).  ,)     — Statistics  of 

poisoning  by,274. 

Gold  chloride,  221. 
Gonning— Composition  of  matches. 
198. 

Goodart's  microscopical  examination 
of  the  liver  alter  phosphorus-poison- 
ing, 211. 

Gordon— Case  of  illness  from  smoking 
cigars,  reported  by,  262. 

Goulard's  balsam,  563. 

Gout  as  an  effect  of  lead,  571. 

Gout  pills,  390,  392. 

Grandeau's  test  for  digitalin,  403. 

Grasett  and  Amblard  on  the  con- 
vulsive action  of  morphine,  283. 

Gratiolin— Separation  of,  by  solvents, 
228. 

Greek  knowledge  and  use  of  poisons,  2. 

Green  verdites,  582. 

Greene,  W.  H.,  18. 

Grimaux,  E.— On  transformation  of 

morphine  into  codeine,  281. 
Grinrod's  remedy  for  spasms,  272. 
Group  reagents  for  alkaloids,  220. 
Guaiacol,  165. 

G  uaiacum— Test  for  blood,  652. 
Guicciardini,  7. 

Guilaud— Work  on  aconite,  341. 
Gmlbert  — Case   of   poisoning  by 

arsenious  acid,  recorded  by,  515. 
Gums— Coloration  of,  by  copper,  582, 
Gundelach— Artificial  production  of 

methyl  coniine  by,  252. 

Gunshot— Statisticaofsuicidaldeaths, 
Guntiier-Yield  of   atropine  fi-om 
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Gusserno's  experiments  witli  lead, 
566. 

Guy  and  Ferrier's  work  on  poisons, 
18. 

Guy,  Dr.,  on  poisoning  by  prussic 

acid,  185. 
Guy's  classification  of  poisons,  24. 

, ,     — Method  of  sublimation,  241. 

Haagan  —  Case  of  poisoning  by 

sulphuric  acid  recorded  by,  59. 
Haematin — Spectrum  of,  651. 

J,  ,,  acid,  650. 

Hsemorrhagic  form  of  phosphorus- 
poisoning,  203. 
Hager's  method  of  opium  assay,  268. 
Halford  on  the  use  of  aramonia  La 

snake-bite,  457. 
Hall,  Marshall— Case  of  serious  illness 

from  smoking,  recorded  by,  262. 
Hamberg — Arsenic  in  air  of  arsenical- 
papered  rooms,  497. 
Hanging— Use  of,  by  suicides,  34. 
Hannibal — Death  of,  6. 
Harlev,   Dr.   John,    on  aconitine, 
^  338. 

— Paper  on  aco- 
nitia,  341. 
, ,        — Researches  on 
"  fool's  parsley, 

439. 

Harnack's  experiments  on  lead  poison- 
ing, 565,  566. 
on  zinc  poison- 
ing, 622. 

Harnack  and  Witkowsky  on 
poisonous  properties  of  physostig- 

mine,  379. 
Harrison  — Case    of   poisoning  by 
Battle's  vermin-knier  recorded  by, 
314 

Hartmann,  J.,  on  the  solubility  of 
phosphorus  in  water,  195. 

Hasselt,  A.  van-Work  on  poisons, 
18 

Hauffs  early  description  of  fatty 
liver  in  phosphorus-poisomng,  210. 

Hauzmann,  on  the  elimmation  of 
morphine  by  the  urine,  292. 

Heart— Pulsation  of  frog's,  44. 

„    poisons,  43. 

,,     —List  of,  409. 

Hecate,  1.  x  — 

Hehner  on  elimination  of  potassic; 

chlorate,  107- 


Heinrich's  auto-experiments  on  can- 
tharides,  450,  451. 
,,        — Experiments  on  nico- 
tine, 262. 

Heisler— Case  of  phosphorus-poison- 
ing recorded  by,  202. 
Heliodorus,  4. 

Hellebore — Active  principles  of,  414, 
415. 

, ,      — Poisoniag  by,  415. 
,,      — Statistics  of,  31-36. 
Helleboretin,  415. 

Helleborin — Separation  of  by  sol- 
vents, 230. 
Helmholtz,  on  "yellow  sight,"  after 

taking  santonin,  424. 
Helwig—  Case  of  death  from  smoking, 
recorded  by,  261,  262, 
,,  — Method  of  subUmation,  241. 
Hemlock  (see  also  conium,  coniine), 
250-255. 
— Treatment  of  poisoning 
by  (Appendix),  661. 
Hemming,  W.  D.— Work  relative  to 

poisons  (bibliography),  18. 
Henbane,  364-368. 

— Alkaloidal  content  of, 365. 
Henderson  on  phosphine-poisouing, 
208. 

Henry  VIII. — Precautions  taken  by, 

relative  to  poisoning,  12. 
Heptane,  112. 
Heptylene,  112-115. 
Hermann,   L.  —  Work  relatmg  to 

poisons,  18. 
Heubel's  experiments  on  lead,  566. 
Heunefeld's  turpentine,  652. 
Hexane,  115. 
Hexylene,  115. 

Hildebrand— Case  of  poisonmg  by 
tobacco,  recorded  by,  262. 

Hilger's  test  for  mineral  acids,  70. 

Hindoo  knowledge  of  poisons,  6. 

Hind's  sweating-ball,  548. 

Hirne  on  eUmination  of  potassic 
chlorate,  107. 

Hoff,  Carl,  10.  .     .  , 

Hoffmann,  E.— Case  of  poisoning  by 
chloroform,  recorded  by, 
134. 

^  — ^Work  of  poisons,  18. 
— Dr.  Friedrich,  11. 
Homo'lle's  digitalin,  403,  404. 
Hopkins  and  Williams'  pseudaconi- 
tine,  336-338. 
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Hoppe-Seyler  on  the  local  application 
of  sulphuric  acid, 
167. 

on  crystals  in  blood 
of  persons  poisoned 
by  prussic  acid,  1S6. 
Hornet's  sting— Treatment  oi(Appen- 

dix),  671. 
Horses— Poisoning  of,  by  tobacco,  259. 
Hottot's  aconite— Strength  of,  338. 

,,       work  on  aconitine,  341. 
Howard,  John — Case  of  poisoning  by 

nicotine,  recorded  by,  259, 
Hugo,  P.— Researches  on  the  patho- 
logy of  arsenic  ijoisoning,  517. 
Humopic  acid,  294. 
Hunter,    John  —  Inflammation  of 
stomach  from  the  external  admin- 
istration of  arsenic,  observed  by, 509. 
Hunter's  solution  of  choral,  147. 
Hurtof  Manchester—  Case  of  poisoning 

by  yew  berries,  recorded  by,  384. 
Husband— Case  of  chloral  poisonine 

related  by,  147. 
Husemann's  definition  of  poison,  22. 
,j       — Statistics  of  poisoning 
by  digitalis,  405. 
Husemann,  Th.,  and  H.  A.— Work  on 

poisons,  18. 
Huss,   H. — Case  of   poisoninc  by 

phosphorus  recorded  by,  205.° 
Hydric  cyanide,  176-193. 

—Accidental  and 
criminal  poisoning 
by,  180.      .  ^ 
— Action    on  the 

blood,  186. 
— Action    on  living 

organisms,  181. 
— Adulteration  of, 
,  176. 

— Chronic  poisoning 
by,  185.  ^ 
—Distribution  of,  in 
the  vegetable  king- 
dom, 178. 
—Fatal  dose  of,  180. 
—Medicinal  prepara- 
tions of,  176, 

—Physiological 

action  of,  185, 
— Poisoning  by,  177. 
— Post-mortem  ap- 
pearan  ces  in  poison- 
ing by,  187, 


Hydric  cyanide— Separation  from 
organic  matters, 
190. 

!,  ,1  — Statistics  of  poison- 
ing by,  179. 

)>  — Symptoms  pro- 

duced in  animals, 
181. 

))         !,     — Symptoms  pro- 
duced in  man,  183. 
,,     —Test  for,  188. 
)>  ,,      — Time  after  death, 

possible  to  detect, 
192, 

)>  —Treatment  of 

poisoning  by 
(Appendix),  664, 

>»         ))     — Use  of,  in  the  arts, 
177. 

Hydric  sulphide,  reaction  with  dif- 
ferent metals,  55, 
, ,    sulphocyanide— Eflects  of,  1 94, 
Hydrochloric  acid,  73-81, 

»  >j    — Action  of,  on 

clothing, &c,,  76. 
>>  !,     — Amount  of,  in 

gastric  juice, 

')  )>     — Detection  and 

estimation  of, 

79,  80. 
„     — Effects  of,  78. 
"  >j     — Fatal  dose,  74. 

>>  >>     — Gas,  76. 

"  »     — Influence  on 

vegetation,  75. 
>>  )j     — Post-mortem 

appearances, 

79. 

— Symptoms  pro- 
duced by. 


TT  1      „■  ■,.  duced  by,  78. 

HydrocoUidme- Reaction  with  fer- 

rid-cyanide  of  potash,  467, 
Hydrocotarnine,  266. 

"  — In  list  of  opium- 

alkaloids,  266. 
»  —Nitrate,  lethal 

dose  of,  325. 
,.  —Nitrate,  testa  for, 

Hyclrocyamc  acid  (see  hydric-cyanide). 
Hydropotassic  tartrate,  101 
Hydroquinone,  160,  161, 
Hyenoid  appearance  of  dogs  poisoned 
by  morphme,  283, 
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HyoScine,  364. 
Hyoscyamine,  364-368. 

— Carbon  and  nitrogen, 

percentage  of,  246. 
— Dose  of,  and  efifects, 
367. 

— Extraction    of,  by 

solvents,  235. 
—Gold  chloride  of,  248. 
—Oil  of,  366,  367. 
— Ointment  of,  366. 
— Pharmaceutical  pre- 
parations, 366. 
— Phospho-molybdate, 
222. 

— Properties  of,  366. 
— Separation  of,  from 
organic  matters,  367. 
Hypochlorous  acid — Test  for  chloro- 
form, 132. 
Hypoqiiebrachiue,  328. 
Hysteria  confused  with  symptoms 
produced  by  strychnine,  316. 
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99 


Igasueine,  327. 

, ,       — Reaction  of,  with  ferrid- 
cyanide,  467. 
lUicium  religiosum,  437. 
Incubator   for   the    cultivation  of 

bacilli,  51. 
India— Poisoning    of  children  by 

opium  in,  275. 
Indican— Carbon  and  nitrogen,  per- 
centage of,  246. 
Indigo  carmine — Test  for  chlorates, 
108. 

—Test  for  nitrates, 
108. 

Infant  preservatives,  274,  275. 
Infusoria  —  Efifects  of  poisons  on, 
39. 

Insanity  produced  by  lead,  570. 
Insects— Efifects  of  poisons  on,  40. 
Insects — Poisonous,  28. 
Intestines— Contraction  of,  through 

nicotine,  263. 
Iodic  acid  test  for  morphine,  280. 
Iodine— Criminal  poisoning  by,  36. 
in  hydriodic  acid  as  a  reagent 

for  alkaloids,  221. 
in  potassic  iodide,  222. 
„    —Stati  sties  of  poisoning  by, 
31,  36. 

„    —Treatment  of  poisoning  by 
(Appendix),  664. 


Ipecacuanha — Compound  powder  of, 
271. 

,,      and  morphine  lozenges, 
271. 

Iron,  631-637. 

— Action  of,  with  sulphuric  acid, 
62. 

,,  — Limit  of  toxicity,  38. 

,,  — Salts  of  (see  ferric  and  ferrous). 

, ,  — Statistics  of  poisoning  by,  36. 

,,  — Stains  (iron  mould),  636. 
Irritants,  25. 
Isatropic  acid,  356. 
Isodipyridine,  467- 
Italian  school  of  poisoners,  9. 

Jaborandi — Properties  of,  381,  382. 
Jacobi,  Dr. — Case  of  poisoning  by 
potassic  chlorate,  recorded  by,  107. 
Jaundice,   as  effect  of  chloroform 
poisoning,  133. 
,,     as    effect  of  phosphorus- 
poisoning,  202. 
Javelle  water,  97. 

Jervine— CarlDon  and  nitrogen,  per- 
centage of,  246. 
,,    — Phospho-molybdate  of,  222. 
,,    — Properties  of,  373. 
,,    —Separation  of,  by  chloro- 
form, 230. 
John,  Dauphin  of  France,  8. 

,,  — King  of  England,  9. 
„         — of  Ragubo,  10. 
Johnson,  Dr.— Poisoning  by  Rubini's 

essence  of  camphor,  120. 
Johnson,  J.— Pills,  547. 


Kakotelin  produced  by  the  action 

of  nitric  acid  on  brucine,  327. 
KaU,  12. 

Kappeler— Case  of  death  from  chloro- 
form recorded  by,  137. 
Katipo— Efifects  of  bite,  447. 
Kerosine,  113. 

Keyser's  pills— Composition  of,  604, 
Kidneys— Changes  produced  by  phos- 
phorus-poisoning, 211,  212. 
—Efifects  of  oxalic  acid  on, 
487,  488. 

King's  College  Hospital  museum- 
Pathological  specimens  illustrative 
of  prussic  acid  poisoning,  79. 

King's  yellow,  502. 

Klein,  Dr.— Method  of  preparing 
gelatine  pork,  51. 
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Klein,  Dr.,  on  the  Kottingliam  and 
^  Welbeck  outbreaks,  473,  475,  477. 
Kletzinsky  on  hyoscyamine,  368. 
Kobert  and  Kiissner  on  the  effects 

of  sodic  oxalate,  483,  487,  488. 
Koehler,  R,— Work  on  poisons,  18. 
Koller's  pmssic  acid — Strength  of, 

177. 

Koppe — Auto-experiments  on  digi- 

toxin,  407. 
Koppeschaar's  method  of  estimating 

carbolic  acid,  169. 
Kosutany  on  the  yield  of  nicotine 

from  tobacco,  256. 
Kratter  on  separation  of  strychnine 

by  the  kidneys,  321. 
Krocker's  research  on  nicotine,  263. 
Kiistef,  E. — Case  of  subcutaneous 
injection    of  carbolic 
acid  -with  fatal  result, 
159. 

„  on  rise  of  temperature 
after  poisoning  by  car- 
bolic acid,  161. 

Laburnum— Active  constituents  of, 
370. 

— Case  of  poisoning  by, 
372, 

,,  — Statistics  of  criminal 
poisoning  by  the  seeds, 
36. 

>>       — Treatment  of  poisoning 
by  {Appetidix),  664. 
Lacerda  on  potassic  permanganate 

in  snake-poisoning,  457,  458. 
Ladanosine  in  list   of  opium  alka- 
loids, 266. 
—Some  reactions  of,  302. 
Lallemand  on   the   elimination  of 

alcohol,  125. 
Lamson— Case  of,  347,  348. 

"  5>    —Method  followed 

in  separating  the 
-,     ,    .      .  poison,  350,  351. 

liandamne  m  list  of  opium  alka- 
loids, 266. 
„       —Nitrate,  fatal  dose  of. 
325. 

''       —Some  reactions  of,  302. 
Landsberg  on  excretion  of  morphine 

by  the  urine,  292. 
Langaard's  research  on  illicium  reliai- 

osum,  437. 


Langley— Efifects  of  pilocarpine  on 
the  heart,  382. 

Langsdorff  on  eating  by  natives  of 
Kamschatka  of  the  amanita  mus- 
caria,  394. 

Lanthopine  in  list  of  opium  alka- 
loids, 302. 

Lassaigne,  16. 

Latrodectus  malmicfnakis,  447. 

J,  ,,     — Effects  of, 

448. 

Laudanum  (see  opium). 

,,       — Law  as  to  criminal  ad- 
ministration of,  210. 
,,       — Statistics   of  poisonino- 
by,  274. 
Laurocerasus,  178. 

, ,         — Carbon  and  nitrogen, 
percentage  of,  246. 

Lavoisier,  15. 
Lead,  560-578. 

„  — Acetate,  561. 

,,  as  a  normal  constituent  of  the 
body,  575. 

,,  — Carbonate  of,  561,  562. 

,,  — Case  of  poisoning  by,  568. 

,,  —Chloride  of,  561. 

I,  — Chronic  poisoning  by,  568. 

))  — Detection  and  estimation  of. 
576. 

,,  —Dose  of,  574. 

,,  —Effect  of,  on  animals,  565. 

,,  —Encephalopathy,  570. 

„  in  beer,  565. 

,,  in  food,  565. 

"  —^^^^CQ  of,  on  pregnancy, 

,,  in  glass,  565. 

„  —Iodide,  562. 

),  — Localisation  of,  575. 

,,  —Nitrate  of,  564. 

,,  —Ointment  of,  562. 

„  —Oxides  of,  560. 

,,  — Oxychloride  of,  563. 

»  —Physiological  action  of,  576; 

„  —Pigments,  563. 

,,  —Poisoning  by,  567. 

,,  plaster,  562. 

„  —Post-mortem   appearances  in 

cases  of  poisoning  by,  573 
„  — Pyrolignite,  564. 
,,  —Red,  560. 

»  —Solubility  of,  in  water,  561. 
„  —Statistics  of  poisoning  by, 
oO,  31, 
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Lead — Subacetate,   compound  oint- 
ment of,  562. 
— Solution  of,  562. 
— Sulphate,  564. 
„  —White,  563. 
Lebert   and  Wyss   on   the  blood 
in  phosphorus- 
poisoning,  207. 
,,  ,,    on  the  urine,  206. 

Ledoyen's  disinfecting  fluid,  563. 
Leeches — Effect  of  oxalic  acid  on, 
484. 

Lefort  on  excretion  of  morphine  by 

the  urine,  292. 
Lehmann,  70-74. 

Lemau-e — Action  of  carbolic  acid  on 

the  skin,  156. 
Lemaurier's  odontalgic  essence,  272. 
Lemons — Essential  salt  of,  482. 
Lenoble— Percentage  of  nicotine  in 

tobacco,  256. 
Lesser,  A.,  on  hydrochloric  acid,  78. 
, ,        on  nitric  acid,  82. 

on     sulphuric  acid 
poisoning ;    its  action 
on  the  gullet,  64. 
„       — Work  on  poisons,  18. 
Letellier  and  Speneux  on  the  action 

of  agaricus  phalloides,  397. 
Letheby— Case  of  poisoning  by  nitro- 
benzene, related  by,  171. 
J  J    — Galvanic  colour- test,  322. 
— Percentage  of  nicotine  in 
tobacco,  256. 
Leucine — A  constituent  in  the  urine 

after  phosphorus-poisoning,  217. 
Lever— Simple  form   of,  recording 
graphically  the  cardiac  pulsations, 
44. 

Levinstein— Case  of  chloral  poisoning 

recorded  by,  146. 
Lewiu— Case  of  phosphorus-poisoning 

recorded  by,  202. 
Lewis'  silver  cream,  563. 
Leyden,   E.— Observations   on  the 

urine  in  sulphuric  acid  poisoning, 

71. 

Liebert's  cosmetique  infaillihle,  562. 

Liebreck,  P.  I.— Action  of  phos- 
phorus on  the  blood,  207. 

Liebreich— Action  of  chloroform  on 
the  blood,  143. 

Liersch,  S.  W.— Action  of  turpen- 
tine vapour,  118. 

Life-tests,  37)  38. 


Liniment— Statistics  of  poisoning  by, 
31. 

Liime — Case  of  poisoning  by  daphne 
mezereum,  425. 

Lipowitz's  test,  216. 

Liquor  potasscB  effervescens,  96. 
,,     sodce.  „  97. 

Lister's  antiseptic  treatment,  153. 

Lithium — Limit  of  toxicity,  38. 

Liver — Patty  degeneration  of,  after 
phosphorus-poisoning,  210. 

Lloyd,  J.  U. — On  solubility  of  mor- 
phine, 279. 

Lobeliiu — Separation  of  by  solvents, 
233. 

Lobel    Lobelstein    on  phosphorus- 
poisoning,  200. 
Locusta,  6, 

Lombard,  H.  C— Case  of  sulphuric 

acid  poisoning,  60. 
Lombroso  and  Erba — Extraction  of 

ptomaines  from  maize,  466. 
Lowe,  C. — Process  for  the  assay  of 

disinfectants,  168. 
Ludwig's  method  for  the  estimation 

of  mercury,  618. 
Lungs — Changes    (in  j)hosphorus- 

poisoning,  212. 
Lupin  seeds— Contents  of,  in  coniine- 

like  bodies,  255. 
Lutidine  as  a  constituent  of  tobacco- 
smoke,  261. 
— Physiological  action of,261. 

Macadam— Separation  of  strychnine 
by,  321. 

M'Conkey— Case  of  aconite  poisoning 

recorded  by,  344. 
Macniven— Case    of   poisoning  by 

potassic  bichromate  recorded  by, 

638. 

Macphail— Case    of    carbolic  acid 

poisoning  recorded  by,  156. 
Macredy  —  Case   of  poisoning  by 

strychnine  recorded  by,  313. 
Madagascar  ordeal  bean,  41 9. 
Magendie— Sudden  death  from  prus- 
sic  acid  recorded  by,  182. 
on  phosphorus-poisoning, 
"  201. 
Maggraf,  15.  .  . 

Magnesium — Limit  of  toxicity,  38. 
Mahon,  A.— Work  on  poisons,  18. 
Maize— Ptomaines  developed  during 
the  putrefaction  of,  466. 
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Male,  Dr. — Case  of  aconite  poisoning 

recorded  by,  340. 
Manganese — Limit  of  toxicity,  38. 
Mania,  as  a  result  of  poisoning  by 
carbon  disulpliide,  150. 
,,     as  a  result  of  poisoning  by 
chloroform,  138. 
as  a  result  of  poisoning  by 
oxalic  acid,  487. 
Manjot,  Dr. — Poisoning  by  chloral. 
145. 

Mannkopf  on  certain  effects  of  sul- 
phuric acid  poisoning,  65,  71. 

Manometer,  mercurial,  for  registering 
arterial  pressure,  45. 

Manouvi-iez,  Dr. — Case  of  poisoning 
by  potassic  chlorate,  107. 

Marchand — Effect  of  chlorate  of 
potash  on  the  blood,  105. 

Marey's  tympanum,  49. 

Markham,  Dr. — Case  of  poisoning  by 
zinc  chloride,  625. 

Marking-inks— Composition  of,  693, 
594. 

Marm^'s  experiments  on  cadmium, 
559. 

,,        research  on  the  hellebores, 
415. 

Marsh's  test  for  arsenic,  15,  524,  525. 

Martineau — Case  of  arsenical  poison- 
ing related  by,  513. 

Maschka — Case  of  poisoning  by  al- 
cohol, related  by,  122, 
123. 

, ,      — Case  of  poisoning  by  bitter 

almonds,  193. 
,,      — Case  of  poisoning  by  sul- 
phate of  copper,  583. 
— Case  of  poisoning  by  sul- 
phuric acid,  63. 
5,      — Work  on  Poisons,  18. 
Massey  and  Ferraud,  Regina  v.,  444. 
Matches— Composition  of,  197,  198. " 
Matthews'     cordial— Statistics  of 

poisoning  by,  274. 
Maximilian,  Emperor,  10. 
Mayer's  reagent,  247. 
Mayet    on    the    composition  of 

matches,  198. 
Mead,  Richard,  3,  14. 
Meat— Cases  of  poisoning  bv  14 

471-475.  "  ^ 

Mechanical  theory  of  poisons,  14. 
Meconic  acid— Extraction  of,'  bv  sol- 
vents, 277. 


Meconic  acid — Properties  of,  303. 
,,         — Separation    of,  303, 
304. 

Meconine— Extraction   of,   by  sol- 
vents, 277. 
, ,      — Per  cent,  of,  in  opium,  266. 
Meconium — Contents  of,  in  sulphates, 
72.  _ 

Meihuizen— Physiological  action  of 
morphine,  284. 

Melsens— Detection  of  nicotine  long 
after  death  by,  264. 

Menard,  Eug.  —  Characters  of  the 
blood  in  cases  of  phosphorus- 
poisoning,  207. 

Mendesius,  4. 

Mental  disease  referred  to  chloral 
drinking,  147. 

Menu— Institutes  of,  5. 

Menyanthin— Separation  of,  by  ben- 
zene, 228. 

Merck's  aconitine— Activity  of,  335- 
338. 

Mercurial  tremor,  60S. 

,,  vapour — Effects  of,  on  ani- 
mals, 605,  606. 

),  — Effects  of ,  on  man, 

606-608. 

))  — Effects  of,  on  vege- 

tables, 605. 
Mercuric  chloride,  599,  600,  602. 
cyanide,  194,  613. 
),      — Death  from  external  use 
of,  612. 
ethyl  chloride,  599. 
„      methide— Effects  of,  609, 
610. 

,,      potassic  iodide,  221. 
„      salts— Test  for,  617. 
Mercurous  chloride,  597,  600. 

»)  ),      — Dose  of,  604. 

,,        salts— Test  for,  617. 
Mercury,  597-620. 

„      —Acetate  of,  599. 

, ,      and  ammonium  plaster,  598. 

and  chalk,  598. 
,,      and  quinine  chloride,  602. 
,,      cyanide,  602. 
,,      — Detection  of  in  organic 
matters,  617. 
— Elimination  of,  615. 
— Estimation  of,  618. 
— Frequent   occurrence  of 
in  human  body,  616. 
,,      —Green  iodide  of,  601. 


696 


INDEX. 


Mercury  in  the  arts,  602. 

,,      in  veterinary  practice,  604. 

— Iodide  of,  601. 
„      —Nitrate  of,  602. 

,,      — Deatli  from 
external  ap- 
plication,616. 
—Effects  of,  613. 
„      —Ointment  of,  602. 
,,  ,,  (compound), 

599. 
(simple),  600. 
„  ,,  — Fatal  effects 

of,  608. 

percliloride,  598. 
,,      plaster,  598. 

— Post-mortem  appearances 
in  poisoning  by,  613. 
,,      pnmp,  53. 
,,      red  oxide,  601. 

salts — Dose  of,  for  animals 
and  man,  604,  605. 
, ,      — Statistics  of  poisoning  by, 
30-32,  36,  605. 
snbchloride— Pill  of,  600. 
„      — Sulphate  of,  601. 
„      —Sulphide  of,  597,  602. 

sulphocyanide,  603. 
,,      suppositories,  597. 

— Treatment  of  poisoning 
by,  613. 
,,         (also  Appen- 
dix, 662). 
— -Volumetric  processes  for 
estimation  of,  619. 
Meric— Case  of  chronic  poisoning  from 

chloroform,  recorded  by,  138. 
Metantimonic  acid,  546. 
Meta-phenyldiamine  testsfor  nitrites, 
88. 

MethEemoglobin— Spectrum  of,  650. 
Methane,  140. 

—Chloride  of,  140. 
Methylamine— Carbon  and  nitrogen, 
percentage  of,  246. 
,,        reaction    with  ferrid- 
cyanide    of  potash, 
467. 

Methylated  ether,  128. 
Methyl  brucine,  324. 

,,     chloride,  140. 

,,     coniine,  252. 

,,  ,,  — Separation  of,  by 
solvents  in  Dragen- 
dorff's  process,  232. 


Methyl  creasote,  166. 
,,     cyanide,  194. 
„     strychnine,  235,  324. 
Methylene  dicliloride,  140. 

pyridene  carboxylate,  261. 
Meyer — Case  of  aconite  poisoning 
recorded  by,  347-349. 
,,     on  action  of  strychnine  on  the 
blood-pressure,  318. 
Mezereon,  425. 

Michael — Artificial    production  of 

methyl  coniine  by,  252. 
Michet,  Charles — Work  relating  to 

poisons,  18. 
Milk-secretion  diminished  by  chloro- 
form, 143. 
Miller's  rat-powder,  309. 
Mineral  green,  582. 
„     oil,  113. 
,,      white,  563. 
Miniature  painters'  white,  563. 
Minium,  564. 
Mirbane — Essence  of,  179. 
MitcheU's  pills,  548,  604. 
Mithridates  Eupator,  2. 
Mitscherlich's   discovery   of  nitro- 
benzene, 171. 
,,         process  for  estimation 
of  phosphorus,  213. 
Mohr,  F. — Work  on  poisons,  18. 
Mohr's  method  of  reducing  antimony 

sulphide,  541. 
Monesia,  419. 
Monninin,  419. 
Monobromated  camphor,  120. 
Montgarny,  H.— Work  relative  to 

poisons,  18. 
Montmahon,  E.  S.— Work  relative 

to  poisons,  18. 
Mordant  Norton's  drops,  603. 
Morelle,  common— Poisoning  by,  399. 
Morgan  on  mortality  from  chloro- 
form, 135. 
Morley — Case  of  poisoning  by  anti- 

monial  wine  recorded  by,  552. 
Morphine,  266-301. 

,,      —Conversion  of,  into  co- 
deine, 281,  282. 
— Detection  of,  after  long 
periods  of  time,  293. 
,j      — Detection  of,  after  sub- 
cutaneous administra- 
tion, 293. 
—Dose  of,  275,  276. 
—Dose  of,  for  dogs,  283. 
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Morphine — ^External  administration 
of,  288. 

— Extraction  of,  frora  ani- 
mal tissues,  277. 

— Extraction  from  opium, 
269. 

„      — Hydrochlorate,  278,  279. 
„      — Hydriodide,  280. 
„      in  the  blood,  292. 
„      in  the  urine,  292. 
,,      lozenges,  272. 
5,  ,,      poisoning  by,  286. 

,,  ■ — Mayer's  precipitate  of, 
247. 

„  — Meconate,  278,  279. 

,,  ,,       percentage  of 

in  opium,  266, 

267. 

5,  — Phospho-molybdate  of, 
222. 

,,      — Physiological  action  of, 
284. 

,,      — Platinum  chloride,  248. 
, ,      — Post-mortem  appearances 

in  poisoning  by,  291. 
,,      —Properties  of,  277,  278. 
,,      — Separation  of, bysolvents, 

237. 

— Separation  of,  from  animal 
and  organic  tissues,  291. 

— Statistics    of  poisoning 
by,  274. 
„      —Subliming  points  of,  243, 
278. 

,,      — Sulphate  of,  279. 

— Siippositories  of,  271. 
3  5      — Symptoms  of  poisoning 

by,  282. 
„      —Tartrate,  278,279. 
,,      —Tests  for,  279-282. 
Morson's  aconitine,  336. 
Moms,  4. 

Mountain  green,  582. 

Mulder — Subliming  point  of  theine. 

241. 
Munn,  Ph.,  71. 

Munro,  J.  H. — Experiments  on  a 

sparrow  with  aconitine,  351. 
Muscarine,  395-397. 

,,      —Action  of,    on  frog's 

heart,  44. 
,,       — Carbon  and  nitrogen, 

percentage  of,  246. 
„       —Detection  of,  397. 
—Effects  of,  396,  397. 


Muscarine — Influence  of,  on  heart 
already    poisoned  by 
digitalin,  399. 
„       —Gold  chloride,  248. 
,,       — Properties  of,  396, 
,,       — Treatment  of  poisoning 
by  (^Appendix),  665. 
Muscular  system — Effects  of  poison 
on,  50. 

Musculus  and  Mering  on  the  ex- 
cretion of  chloral,  148. 
Mushrooms  (see  also  muscarine),  395- 
399. 

,,       — Nicander's  definition 
of,  4. 

,,       — Statistics  of  poisoning 
by,  36. 

Mustard — Oil  of,   decomposed  by 

potash,  454. 
Mutel,  D.  P.  H.— Work  relating  to 

poisons,  19. 

Nacqtjet,  J.  A.  H.— Work  relating 

to  poisons,  19. 
Napellin— Separation  of,  by  solvents, 

236. 

Naphthalene,  115. 
Naples  yellow,  550. 
Narceine,  266,  297,  298. 

„     —Effects  of,  297,  298. 
, ,     — Platinum,  chloride  of, 248, 
„     —Properties  of,  296,  297. 
— Separation  of,  by  amyl 
alcohol,  238. 
,,     — Separation  of,  by  chloro- 
form, 230. 
„     —Sleep  produced  by,  297. 
,,  „    sublimation  of,  243, 

Narcotics,  25. 

Narcotine,  256,  264,  266,  298. 

5  J  — Behaviour  with  reagents, 
294. 

,,      —Carbon    and  nitrogen, 
percentage  of,  246, 

,,      —Dose  of,  294. 
—Effects  of,  294. 

,,      —Gold  chloride  of,  248. 

, ,      —Phospho-molybdate,  222. 

,,      — Platinum    chloride  of, 
248. 

,,      —Precipitated  by  Maver. 
247. 

,,      — Separation  of,  by  solvents, 
236.  ^ 

—Sublimation  of,  244. 
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Nasse,  0.,  on  contraction  of  intest- 
ines produced  by  nicotine, 
263. 

,,       on  the    effects   of  phos- 
phorus on  the  blood,  207. 
Nativelle's  digitalin,  404. 
"  Natural  magic,"  by  J.  B.  Porta,  10. 
Naunyn,  B.— Work  on  poisons,  17. 
Nepaliue— Carbon     and  nitrogen, 
percentage  of,  246. 
, ,     — Separation  of,  by  solvents, 
266. 

Nepenthe,  272. 
Nerianthin,  417. 
Neriin,  417. 

Neriin-digitalin,  417,  418. 
Nero  as  a  poisoner,  7. 
Nerve-muscle  preparation,  50. 
Nerve-system — Effects  of  poison^  on, 
49. 

— Effects  of  phosphorus 
on,  20.S. 

Nessler  reagent  as  a  test  for  ammonia, 
95. 

Nettle-rash  following  a  dose  of  chloral, 
148. 

Neumann   on  the    form  of  blood 

coagulum,  653. 
Neuralgia  after  poisoning  by  sul- 
phuric acid,  65. 
Neuwieder  green,  582. 
Nevin's  experiments  oa  rabbits  by 

antimony  oxide,  551. 
Newcastle  green,  563. 

white,  563. 
Nicander  of  Colophon,  3. 
Nickel,  627-631. 

,,     salts— Effects    on  animals, 
628,  629. 
,,  —Circulation,  629. 
,,     striped  muscle,  629. 
,,     salts— Nervous  system,  629. 

,,  — Limit  of  toxicity,  38. 
,,       ,,  — Separation    of,  fi'om 
organic  matters,  630. 
Nicotine,  256-264. 

J,     — Carbon  and  nitrogen,  per- 
centage of,  247. 
„     —Effects  of,    on  animals, 

258, 259. 
,,     —Effects  of,  on  man,  259, 
260. 

— Effects  on  cephalopoda, 
40. 

„     —Fatal  dose  of,  263. 


Nicotine — Hydrochlorate,  257. 

,,  — Physiological  action  of, 
263. 

,,     — Platinum  chloride  of,  248. 

,,  — Post-mortem  appearances 
in  poisoniug  by,  263,  264. 

,,  — Precipitated  by  Mayer's 
reagent,  247. 

,,     —Properties  of,  257. 

,,  — Quantitative  estimation 
of,  256,257. 

,,  — Reaction  with  ferrid- 
cyanide  of  potash,  467. 

,,  — Separation  of,  from  or- 
ganic matters,  264. 

, ,  — Statistics  of  poisoning  by, 
36. 

,,     —Tests  for,  257,  258. 
, ,     — Treatment  of  poisoning  by 
(Appendix),  666. 
Nikitin  on  the  fatal  dose  of  ergot,  430. 
, ,     on  the  action  of  pure  sclerotic 
acid,  430. 
Nitrate  of  potash,  102. 

,,  ,,     — Treatment  of 

poisoning  by 
[Appendix],  666. 
Nitrate  of  soda,  103. 
Nitrate  of  soda  and  potash — Action 

of,  103. 
Nitrates— Test  for,  88,  110. 
Nitric  acid,  81-89. 

,,  — Action  of,  on  vegetable 
tissues,  82. 
— Detectionandestimation 
of,  87. 

,,       — Effects  of  liquid,  84. 
, ,  — Fatal  dose  of,  82. 
, ,       — Local  action  of,  84. 

— Post-mortem  appear- 
ances   after  poisoning 
by,  86. 
,,       — Properties  of,  81. 
,,       —Uses  of,  82. 

— Vapour  of,  83. 
Nitric  peroxide  produced  in  testing 

for  nitrates,  103. 
Nitrites— Test  for,  103. 
Nitro-benzene — Conversion  of,  into 
aniline,  116. 
J  J        — Detection  and  estima- 
tion of,  175. 
„        —Effects  of  liquid,  175. 
, ,        —Effects  of  vapour,  171- 
— Fatal  dose,  173. 
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Nitro-benzene— Pathological  appeai'- 
ances  after  poisoning 

by,  174. 

,,        — Poisoning  by,  171. 

• — Properties  of,  170. 
,,        — Statistics  of  poisou- 
jjig  by,  32,33. 
Nitropicrotoxin,  435. 
Nitrous  oxide  gas,  667. 
Nottingham — Cases  of  poisoning  by 

bad  meat  at,  474,  475. 
Nottingham  white,  563. 
Niinneley's  experiments  on  dogs  with 

prussic  acid,  185. 
Nurse's  drops,  273. 
Nussbaum— Case  of  carbolic  acid 
poisoning,  recorded  by, 
156. 

,,       — Mortality  from  chloro- 
form, 135. 
Nux  vomica— Alkaloids  of,  309. 

„        —Analysis  of,  308,  309. 
, ,  — Aqueous  extract  of,  307 

—Extract  of,  308. 
),        — Chemical  analysis  of, 

304,  305. 
„        seeds  —  Description  of, 
304. 

),        — Statistics  of  poisoniucr 

by,  36. 
,,        —Tincture  of,  308. 
,,        — Treatment  of  poisoning 

by  (Appendix),  669. 

CEnanthe  Crocata,  439-441. 

„         „     — Efiects  of,  440. 
>>  — Post-mortem 

appearances  in 
poisoning  hy,  44 1 . 
Ogston  and  Frank— Test  for  chloral. 
148. 

Ogston,  P.— Work  relative  to  poisons, 
19.  ' 

Oil  of  bitter  almonds,  177. 
,,    turpentine,  117. 

Oleander— Active  constituents  of ,  41 7. 
5  >       — Case  of  poisoning  by ,  4 1 7 , 
418. 

Oleandrin,  417. 

Onsum's  theory  of  the  action  of 
oxalic  acid,  487. 
,,    —View  as  to  the  action  of 
salts  of  barium,  644. 
Opianine  in  list  of  opium  alkaloids, 
266, 


Opianine — Properties  of,  301. 
Opiates— Statistics  as  to  poisoning  by, 

30,  33,  36. 
Opium,  266-303. 

,,     — Action  of  solvents  on,  267. 
,,     — Action  on  man,  281-285. 
,,     —Alkaloids  of,  266. 
,,     — Ammoniated    tincture  of, 
270. 

,,  — Aromatic  powder  of,  270. 

, ,     — Assay  of,  267. 

, ,     — Compound  powder  of,  270. 

,,     — Confection  of,  271. 

,,  — Diagnosis  of  opium-poison- 
ing, 288,  289. 

, ,     — Doses  of,  275. 

,,     —Eating,  290. 

,,  — External  application  of, 
288. 

,,     —Extract  of,  271. 

,,     — Faintness  caused  by,  287. 

, ,     — Forms  of  poisoning  by,  285. 

,,     — Liniment,  271. 

,,     — Liquid  extract  of,  271. 

,,     — Lozenges,  271. 

,,  — Medicinal  and  other  pre- 
parations of,  269-274. 

,,  — Method  of  detection,  276, 
277. 

— Ointment  of  galls  and,  271. 
, ,     — Physiological  action  of,  282. 
„     —Pill  of  lead  and,  270. 
,,     — Poisoning  of  children  by, 
275. 

, ,  — Poisoning,  statistics  of,  273, 
274. 

,,  — Post-mortem  appearances  in 
IDoisoning  by,  291. 

,,     — Serturner's  study  of,  16. 

,,     — Smoking,  291. 

,  >  — Symptoms  of  opium-poison- 
ing, 282,  283. 

„     —Tincture  of,  270. 

>,     — Treatment  of  poisoning  by 

,,        (Appendix),  665. 

,,     —Wine,  271. 
Ordeal  bean  of  calabar  (see  physostiq- 
mine). 

Ore,  M.— Treatment  of  tetanus  bv 

chloral,  144. 
Orfila,  M.  J.  B.-Case  of  poisoning 
by    arsenic,  re° 
corded  by,  516. 
),  ,1    — Classification  of 

poisons,  24. 


700 


INDEX. 


Orfila,  M.  J.  B.— Detection  of  nico- 
tine long  after 
death  by,  264. 
— Experiments  on 
the  barium  com- 
pounds, 643-645. 
,,  on   the  imbibition 

of  arsenic  in  dead 
bodies,  531. 
5  5    on  ether  poisoning, 
128. 

„  ,,    — Method    of  de- 

stroying organic 
matter,  527, 

,,  ,,    — Work  on  poisons, 

19. 

Organic  matters — Destruction  of,  by 
distillation  with  hydrochloric  acid, 
55. 

Orpiment,  499. 
Orthodihydroxyl  phenol,  160. 
Osenbriiggen — Case  of  poisoning  by 

nitric  acid  recorded  by,  84. 
Otto — Separation  of  a  coniine-like 

ptomaine  by,  255. 
Oxalate  of  lime — Identification  of, 
489,  490. 
„  ,,  — In  plants,  480. 

*    „  — In  urine,  491,  492. 
5,  ,,  — Properties  of,  482. 

Oxalic  acid,  480-492. 

,,       — Distribution     of  in 
animal  and  vegetable 
kingdoms,  480. 
,,       — Effects  of,  on  animals, 

483,  484. 
, ,       — Effects  of,  on  man,  485- 
487. 

— In  caterpillars,  480. 
,,       — Estimation  of,  492. 

—Fatal  dose,  483. 
, ,       — Physiological  action, 
487. 

„  — Post-mortem  appear- 
ances in  poisoning  by, 
488. 

„       — Production  of,  by  de- 
composition of  carbolic 
acid,  162. 
—Properties  of,  480-482. 

j,  — Eeactions  with  sul- 
phuric acid  and  other 
reagents,  481. 

„  — Separation  of,  from 
organic  substances, 489. 


Oxalic  acid— Separation    of,  from 

sorrel,  15. 
,,       — Statistics  of  poisoning 

by,  30-33,  482. 
,,       — Sublimation  of,  481. 
, ,       — Treatment  of  poisoning 

by  (Appendix),  667. 
,,       — Uses  of,  in  the  arts, 

482. 

,,       vapour — Effects  of,  484, 
485. 

Oxalmethyline,  492,  493. 
Oxalpropyleue,  492,  493. 
Oxyacanthine,  carbon  and  nitrogen, 

percentage  of,  246. 
Oxycresol,  165. 
Oxymandelic  acid,  217. 

Page's  gas-regulator,  51. 
Pagenstecher  and  Schonbein's  test 

for  prussic  acid,  189. 
Palmer — Case  of  poisoniag,  318. 
Papaveriue — Carbon  and  nitrogen, 
percentage  of,  246. 
„       —Effects  of,  298. 

— In  list  of  opium-alka- 
loids, 266. 
,,       — Platinum  chloride  com- 
pound, 248. 
„       — Properties  of,  298. 
,,       — Separation  of,   by  sol- 
vents, 237. 
„       —Tests  for,  298, 
Paper — Action  of  sulphuric  acid  on, 
62. 

Paradihydroxyl  phenol,  160. 
Paraffin  oil,  113,  114. 

— Statistics  of  poisoning 
by,  31. 
Paraldehyde,  l40. 

Paralysis  as  a  result  of  lead- poison- 
ing, 569. 
morphine 
poisoning, 
283,  287. 

^  phosphorus 
poisoning, 
204. 

Paratoluidine,  reaction  with  ferrid- 

cyanide  of  potash,  467. 
Parg,  Ambrose,  9. 
Patna  opium,  267. 
Pattison's  white,  563. 
Paul  on  the  effect  of  lead  on  pregnant 

women,  571. 
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Paulus,  ^gineta,  4. 

Peach — Penalty  of,  4, 

Pearl-white,  58S. 

Peas,  green  — Copper  in,  5S0. 

Pedler  on  a  platinum  compound  of 

the  active  principle  of  the  cobra 

poison,  455. 
Pelikan  on  effect  of  saponin  on  frogs, 

420,  421. 

Pella^i's  test  for  morphine,  281. 
Pelletier  and  Cahor  on  the  solu- 
bility of  strychnine,  305. 
Pelletier  and  Caventou — Discovery  of 

strychnine, 

16. 

J  J  ,,  ■  — Extraction  of 

strychnic 
acid,  328. 
Pelletier  and  Thiboumery — Discovery 

of  pseudomorphine,  301. 
Perchloride    of    iron    (see  ftrric 

chloride). 
Pereirine,  329. 
Peroxide  of  hydrogen,  118. 
Pen-in  on  the  elimination  of  alco- 
hol, 125. 
Persian  opium,  267. 
Pesci  on  a  volatile  compound  of 
phosphorus   in   the   urine  after 
phosphorus-poisoning,  218. 
Petit's  aconitine— Activity  of,  336, 

337. 
Petroleum,  111. 

—Effects  of,  113. 
,,       ether.  111. 
,,      naphtha,  112, 
,,       — Separation     of,  from 
organic  and  other  mix- 
tures, 114. 
J  J       — Statistics  of  poisoninsr 
by,  32,  ^ 
Pfaff's  prussic  acid,  177. 
Pfeiffer,  E — Experiments  with  oxalic 

acid,  484. 
Phalloidin,  397. 
Pharaoh's  serpent,  603. 
Phenic  acid,  151. 
Phenyl  alcohol,  151. 
Phenyl-sulphuric  acid,  160, 
Phipson   on  agaricus   ruber,  398, 

Phosphine— Combustion  of,  214. 
„      —Effects  of,  207. 

—Production  of,  214. 
—Properties  of,  196. 


Phosphine — Solubility  in  water  and 
blood,  209. 
,,       — Spectrum  of,  215. 
Phosphomolybdic  acid  as  a  test  for 

alkaloids,  221,  222. 
Phosphorus — Amorphous,  196. 
„       — Antidotes  for,  207. 
,,        — Changes    in  urinary 
secretion  produced  by, 
206,  207. 
,,       — Chronic  poisoning  by, 
206, 

„  —Detection  of,  213-219. 
,,       — Discovery  of,  5. 

—Effects  of,  201. 
„       —Fatal  dose,  200. 
,,       pastes,  197,  198. 

— Poisoning,  common 

form  of,  202. 
— Heemorrhagic  form  of, 
203. 

,>       — Nervous  form  of,  203. 

))  — Period  at  which  symp- 
toms commence,  204. 

j>  — Period  after  which 
possible  to  detect,  218, 
219. 

— Period  of  death  from, 
204. 

5.  — Post-mortem  appear- 
ances in  poisoning  by, 
209-213. 

, ,  — Quantitative  estima- 
tion of,  218. 

>»  — Seqiielce  of  poisonino- 
by,  204. 

,,  — Statistics  of  poisoning 
by,  30-33,  36,  199. 

))  — IVeatment  of  poisoning 
by  (Appendix),  667, 
668. 

M  — Various  forms  of,  196. 
Phospho-tungstic  acid  as  a  test  for 
alkaloids,  239. 
— Preparation  of,  239. 
Phosphuretted  hydrogen  (see  phos- 
phine). 
Photogen,  113. 
Phrynine,  445. 
Phrysa,  6. 

Physostigma  faha  —  Pharmaceutical 
preparations  of,  377. 

Physostigmine— Carbonandnitrogen, 
percentage  of,  246, 
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Physostigmine — Efifects  on  animals 

of,  379. 
— Effects  on  man,  379. 
— Fatal  dose  of,  381. 
— Physiological  action 

of,  380. 

,,         — Post-mo7-tem  appear- 
ances in  poisoning 
by,  380. 
— Properties  of,  377- 
379. 

— Separation  of,  by 
solvents,  235. 

„         —Tests  for,  378. 

, ,  — Treatment  of  poison- 
ing by  (Appendix), 
659. 

Picoline  in  tobacco  smoke,  261. 
Picraconitine,  334. 
Picric  acid  from  the  decomposition 
of  morphine,  281. 
„       — Production  of,   by  the 
action  of  nitric  acid,  85. 
, ,       — Production  of,  in  poison- 
ing by  nitro-benzene,  173 
•        — Separation  of,    by  sol- 
vents, 226,  227. 
Picrotoxin,  434-437. 

,,  — Effects  on  animals,  436. 
,,  ,,      ,,   man,  436,437. 

— Fatal  dose  of,  435. 
— Physiological  action  of, 
437. 

J  J       — Properties  of,  434,  435. 
— Separation  of,  by  chloro- 
form, 230. 
,,       — Separation   of,  from 
organic  matters,  437. 
— Sublimation  of,  245. 
— Treatment  of  poisoning 
by  (Appendix),  668. 
Pilocarpine,  381-383. 

—Effects  of,  382,  383. 
II        —Gold  chloride,  248. 
' '        — Nitrate  solution  of ,  656. 
—Platinum  chloride,  248. 
— Properties  of,  382. 
—Sublimate  of,  244. 
'  I        —Treatment  of  poisoning 
by  (Appendix),  668. 
— Use  of,  in  treatment  of 
"  atropine  poisonuig,363. 

Pimento— Separation  of,  by  solvents, 
234. 

Pine-wood  test  for  carbolic  acid,  163. 


Piperine — Carbon  and  nitrogen,  per- 
centage of,  246. 
,,     — Phospho-molybdate,  222. 
, ,     — Platinum  chloride  of,  248. 
,,     — Separation  of,  by  solvents, 
226  227. 
Piturie,  264,  265. 

Plants — Action  of  ammonia  on,  92. 
Platinum  chloride  as  a  test,  221. 
Plenk — Case  of  poisoning  mentioned 
by,  93. 

Plugge's  paper  on  aconite,  341. 

,,       on  relative  activity  of  the 

commercial  aconitines, 

336,  337. 
,,      experiments  on  aconite,  341, 

342. 

Plums— Content  of  prussic  acid  in, 
179. 

Pocula  emetica,  549. 
Poison — Legal  definition  of,  20. 
„    — Scientific  definition  of,  22, 
23. 

Poisons  causing  sudden  death,  25. 
,,     — Classification  of,  25. 
,,     — General  method  of  search 

for,  52. 
,,     — Inorganic,  29. 
,,     — Irritant,  25. 
,,     —Narcotic,  25. 
,,     secreted  by  living  beings, 
2S. 

,,     separated  by  solvents,  27. 
,,     — Statistics    of  accidental 

deaths  from,  33. 
,,     — Suicide  by,  33. 
Poisoning — Treatment  of  (Appendix 

B.),  655-672. 
Poisonous  amphibia,  28,  445. 
Polygalin,  419. 

Pommerais  case — Method  used  in,  to 
detect  digitalis,  412,  413. 

Poor  man's  friend,  604. 

Poppies— Syrup  of,  272. 

Poppy  tea — Death  from,  275. 

Porta,  J.  B.,  10. 

Potash  (see  potassium  hydrate). 

Potash    permanganate  —  Action  of, 
on  cobra  poison,  457, 458. 

Potassic  carbonate,  96. 

,,  —Chromsite,  post- 
mortem appear- 
ances after 
jjoisoning  by, 
638. 
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Potassic  bichromate,  636,  637. 

— Post-mortem 
appearances  in 
poisoning  by, 
639. 

,,  ■  — Statistics  of 

poisoning  by 
(Table  II.), 
31. 

,,  -,,       — Symptoms  of 

poisoning  by, 
639. 

,,     — Carbonate,  96. 
—Chlorate,  104. 

,,       Detection  and 

estimation  of, 

108,  109. 
).  ,,       Dose  of,  107. 

>>  ,,       Effects    of,  on 

man,  106. 
)>  on  the  stomach, 

187. 

„      —Cyanide,  179. 
„     — Suicide  by,  180. 
„  — Ferrocyanide,  193. 
,,     —Nitrate,  103. 
,,     — Phenyl-sulphate,  167. 
,,     salts— Elimination  of,  102. 
,,     tartrate,  101. 
,,     xanthogenate,  151. 
Potassium  and  sodium  —  Relative 
amounts  in  the  blood  of  different 
animals,  653,  654. 
Potassium  hydrate  (potash),  95-100. 
>)  )>      — Pharmaceutical 

preparations  of, 
95. 

)>  ),    — Poisoning  by 

(statistics), 
5>  ),  32-36. 

M  „    —Tests  for,  99. 

"  J,    — Treatment  of 

poisoning  by 
{Appendi  x), 
668. 

van  —  Work  relative  to 
poisons,  19. 
, ,    on  the  physiological  activity 
of  aconite,  341,  342. 
Praslm,  Due  de— Suicide  of,  514. 
Preyer— Separation  of  curarine  by, 
385.  ^' 
,,    on  the  action  of  prussic  acid. 
182,  183. 
Priestley,  15. 


Praag, 


Pritchard — Case  of  criminal  poisoning 

by  antimony,  553. 
Prollius'  method  of  opium  assay, 

268. 

Protapine,  in  list  of  opium  alkaloids, 
266. 

,,       —Tests  for,  302. 
Proust,  15. 

Prussian  blue — Test  for  prussic  acid, 
189. 

Prussian  statistics  relative  to  poison» 
35. 

Prussic  acid  (see  hydric  cyanide). 
Pseudaconine,  334. 
Pseudaconitine,  334. 
Pseudo-jervine— Properties  of,  373. 
Pseudomorphine,  in  list  of  opium 

alkaloids,  266,  301. 
Ptomaines,  28,  461-467. 

,,        — Arsenical,  464. 
,,        —Bibliography    of,  467, 
468. 

))  — Extraction  by  amyl 
alcohol  from  alkaline 
liquids,  463,  464. 

I!  — Extraction  by  ether, 
462. 

I,        —By  amyl  alcohol  and 

ether,  464. 
,,        — From    fatty  matters, 

464. 

))        — Like  coniine,  255. 
„        — Like  nicotine,  264. 
—Volatile,  463, 
Ptosis — As  a  symptom  of  sausage- 
poisoning,  479. 
Putrefaction— On  retardation  of,  in 

alcoholic  poisoning,  124. 
Putrid  substances,  28. 
Pyridine,  115. 

,,       —In  tobacco  smoke,  261. 
,,       — Reaction     with  ferrid- 
cyanide  of  potash,  467. 
Pyro-catechm— Separation  of,  fi-om 
urine,  161. 

Pyromeconic  acid,  303, 

QuAssiiN— Separation  of,  by  benzene, 
228. 

Quebrachine,  328. 
Quebracho  bianco,  328. 
Quillajin,  419. 

Quinine— Carbon  and  nitrogen,  per- 
centage of,  247. 
—Gold  chloride,  248. 
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Quinine — ^Pliosplio-niolybdate  222. 
— Platinum  chloride,  248. 
— Process  of  estimating  hy- 
drochloric acid,  80. 
— Process     of  estimating 

mineral  acids,  68,  69. 
— Process      of  estimating 

nitric  acid,  87. 
— Separation  of,  by  solvents, 
235. 

Rabies — Possible  confusion  of  atro- 
pine poisoning  with,  363. 

Rabuteau,  A. — Work  on  poisons,  19. 
, ,  on  the  action  of  alcohol 

on  frogs,  126. 

Ralph  on  blue  masses  in  the  blood 
after  poisoning  by  prussic  acid,  186. 

Rat  and  fly  poisons,  501,  502. 

Rat  poison,  197,  198,  203. 

Rats  and  mice— Method  of  extermin- 
ating by  carbon  disulphide,  149. 

Rattle-snake— Poison  of,  461. 

Rayner,  Dr.  H.,  on  insanity  produced 
by  lead  poisoning,  570. 

Realgar,  499. 

Redwood's  formula  for  marking-inks, 
594. 

Reese,  John  J.— Work  relating  to 
poisons,  19. 
J  J  J,  on  detection  of 
strychnine  when 
mixed  with  other 
alkaloids,  323. 
Reimann  and  Posselt— Discovery  of 

nicotine  by,  16. 
Reinsch's  test  for  arsenic,  527. 
Reiss,  0.  S.— Coinparison  of  yellow 
atrophy  of  the  liver  and  fatty  liver 
produced  by  phosphorus-poisoning, 
212. 

Remer,  W.  H.  a.— Work  relative  to 

poisons,  19. 
Resins— Extraction  of  arsenious  acid 

from,  529. 
Respiration  and  circulation— Appa- 
ratus for  simultaneously  register- 
ing, 49. 

Respiration— Symptoms  referable  to, 

in  poisoned  animals,  41. 
Reynold's  gout  specific,  390. 
Rhigolene,  111. 

Rhceadine— Carbon  and  nitrogen,  per- 
centage of,  246. 
—Properties  of,  301. 


Richardson,  Dr.  (of  Pemisylvania), 

ou  the  blood,  653. 
Richardson,Dr.B.W.— Extraction  of 
a  crystalline 
substance 
fromapysemic 
fluid,  461. 

„  — Experiment 

with  strych- 
nine, 321. 

,,  ,,       on  the  admini- 

stration of 
chloral,  135. 

,,  ,,.       on   amyl  alco- 

hol vapour, 
126. 

,,  on  amyl  nitrite, 
127. 

,,  on  turpentine 
vapour,  119. 

,,  on  the  mor- 
tality from 
chloroform, 
135. 

Richet  on  the  action  of  strychnine, 

314,  315,  317,  318. 
Riner's  prussic  acid,  177. 
Ringer,  Dr.  S., 'on  the  action  of  the 
neutral,  sodic,  and 
potassic  salts,  101. 
■  ,,     on  the  efiects  of  aco- 
nite, 348,  349. 
on    the    efl:ects  of 

pilocarpine,  382. 
on  the  treatment  of 
pilocarpine,  363. 
,,      on  poisoning  by  atro- 
pine, 363. 
Robiquet's  prussic  acid,  177. 

— Work     relative  to 
poisons,  7. 
Roger  on  the  separation  of  strych- 
nine, 321. 
Rohrig  on  the  influence  of  chloral  on 

the  secretion  of  milk,  143. 
Roman  knowledge  of  poisons,  3. 
Romellisre  on  recovery  from  phos- 
phorus-poisoning, treated  by  tur- 
pentine, 206.  •  ,  1  J 
Rosenstein's  experiments  with  lead, 

566.  ,  .  ^. 

Rosenthal  and  Krocker  on  uicotme, 

263. 

Rossbach— Action  of   atropine  on 
dogs,  362. 
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Rossbach  — Action  of  ecbolin,  433, 
„      — Action  of  vai-ious  poisons 

on  the  infusoria,  39. 
,,      on  colchicine,  391. 
Roussia's  tests    for    impurities  in 

chloroform,  130. 
Eoiix — Post-mortem  appearances  in 

poisoning  by  colchicine,  393. 
Ruberine,  398. 

Rubi-jer\Tne— Properties  of,  373. 
Rubuii's  essence  of  camphor,  120. 
Russia — Deaths  from  alcohol  in,  122. 

Sabadilline— Carbon  and  nitrogen, 
percentage  of,  246. 
,,  — Separation  of,  by  sol- 

veuts,  232. 
Sahina  communis  (see  also  savin),  441, 
Sainsbury,  Dr. — Toxic  action  of  the 

neutral  salts  of  the  alkalies,  101. 
St.  Croix,  12. 

St.  Ignatius-bean — Extract  of,  30S. 
Salerng — Case  of  pfiisouing  by  ergot 

of  rye  recorded  by,  434. 
Salet's  method  of  observing  spectra 

of  phosphine,  214. 
Salicin — Separation  of  by  solvents, 
238. 

„    — Subliming  point  of,  244. 
Saliva — Poison  in,  468. 
Salkowsky  on  post-mortem  appear- 
ances found  after  phos- 
phorus-poisoning, 211. 
,,         on    retardation    of  the 
respiration  as  an  effect 
of  carbolic  acid,  161. 
Salt— Action  of,  101. 

,,     of  tartar,  96. 
Samandrine,  445. 

Samuel,    S.,    on    local   action  of 
ammonia,  92. 
)>  on  the  local  effects  of 

alcohol,  97. 
Sanderson,  Dr.  Burdon— Mechanism 
for  artificial 
respiration 
and  circula- 
tion, 49. 

J)  >)        on  the  action 

of  gelsemine, 
331. 

Sanguinarine— Carbon  and  nitrogen 
percentage  of,  246.  ' 

Sansom  on  mortality  from  chloro- 
form, 135. 


Santonates,  423. 
Santonin,  422-425. 

— Effects  on  animals,  423. 

„         man,  423,  424. 
—Fatal  Dose  of,  423. 
—Poisoning  by,  423. 
— Properties  of,  423. 
— Separation  of,  424,  425. 
Sapogenin,  420. 
Saponin,  419-422. 

,,     — Action  on  animals,  420, 
,,       insects,  421. 
n  ,,       man,  421. 

,,     — Identification  of,  422. 
,,     —Properties  of,  420,  421. 
J,     — Separation  of,  by  solvents, 

229,  238. 
,,     — Separation  of,  421,  422. 
),     — Subliming  point  of,  244. 
Sarracinin— Separation  of,  232. 
Sausage — Case  of  poisoning  by,  477, 

„     poisoning— Statistics  of,  28. 

!j  5,      — Symptoms  of, 

observed  in 
Germany,  478, 
479. 

Savin — Post-mortem  appearances  in 
poisoning  by,  441,  442. 
,,  — Separation   of,  from  other 

matters,  442. 
„   —Tincture  of,  441,  442. 
5  J   — Treatment  of  poisoning  by 
(Appendix),  668,  669. 
Scabies— Arsenical  treatment  of,  with 
fatal  result,  511. 
,,     —Carbolic    acid,  treatment 
with  fatal  result,  157. 
Scarlatinal  rash  in  chloral  poisoning, 
145. 

Scarlet  fever  —  Possible  confusion 

of,  with  atropine  poisoning,  363. 
Schaaf— Case  of  camphor-poisoning 

recorded  by,  121. 
Schacht's  method  of  opium  assay,  269. 
Schauenstein— Case     of  atropine 
poisoning  related  bv, 
357,  358. 
,,        — Case  of  poisoning  by 
strychnine  recorded 
by,  310. 

,,        on  mortality  from  chlo- 
roform, 135. 
—Statistics    of  death 
from  strychnine,  310. 
45 
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Scheele — Death  fromprussic  acid,  180. 
Scheele's  acid — Strength,  of,  177. 

green,  503. 
Scheibler's   process  for  extracting 
alkaloids,  239. 
,,       test  for  alkaloids,  223. 
Scherer's  test  for  sulphur,  216. 
Schlossing's  estimation  of  nicotine 

in  tobacco,  256. 
Schmidt,  C,  on  amount  of  hydro- 
chloric acid  in  the  gastric  juice,  75. 
Schmidt,  E.,  "on  the  melting  point 

of  atropine,  355. 
Schmiedeberg  on  the  action  of  chlo- 
roform on  the  blood, 
132. 

,,  on  quantitative  estima- 
tion of  chloroform, 
139. 

Schmiedeberg  and  Harnack  —  Syn- 
thesis of  muscarine,  396. 
Schneider  and  Fyfe's  method  of  dis- 
tilling arsenic  chloride,  542. 
Schneider,  F.  C. — Work  relative  to 

poisons,  19. 
Schonbein  on  ozone  as  an  oxidiser  of 
arsenious  acid,  526. 
,,       on  the  power  of  the  blood 
to  decompose  peroxide 
of  hydrogen,  186. 
, ,       test  for  prussic  acid,  189. 
Schrader — Discovery  of  saponin  by, 
419. 

Schraube,   O. — Statistics   of  phos- 
phorus-poisoning, 200. 
Schroff — Case  of  poisoning  by  col- 
chicum  corms,  related  by, 
393. 

— Post-mortem  appearances 
from    colchicum    seen  in 
rabbits,  393. 
— Workrelatingtoaconite,341. 
Schuchardt's  aconitine,  338. 
Schulz— Work  on  aconite,  341. 
Schultzen  and  Riess  on  the  diminu- 
tion of  urea 
\  in  phospho- 
rus -  poison- 
ing, 206. 
„  ,,        on  yellow 

atrophy  of 
the  liver  in 
phosphorus  - 
poisoning, 
212. 


Schweinfurt  green,  503. 
Scillain,  416. 
Scillitin  (see  scillain). 
Sclererythrin,  428. 
Sclerocrystallin,  428. 
Scleroidin,  428. 
Scleromucin,  427. 
Sclerotic  acid,  428. 

— Efifects  of,  433. 
Scolosuboff  on  the  localisation  of 

arsenic,  529. 
Scorpion — Poison  of,  28,  446. 
Sea-hare,  3. 

Sedgwick — Case  of  poisoning  by  can- 
tharides,  recorded  by,  451,  452. 

Seidel — Case  of  poisoning  by  prussic 
acid,  recorded  by,  183. 

Selmi,  F. — Work  relative  to  poisons, 
19. 

,,  on  a  volatile  phosphorus 
product  in  the  urine, 
218. 

,,      on  ptomaines,  463. 
,,      — Process    for  separating 
alkaloids,  223,  224. 
Senegin,  419. 

— Separation  of,  by  solvents, 
229,  238. 
Ser  turner,  16. 

Service-tree — Contents    of  prussic 

acid  in,  178. 
Sewer-gas — Statistics   of  poisoning 

by  (Table  III.),  32,  33. 
Shale  naphtha,  112. 
Sheep-dipping  compounds,  503. 
Shot — Arsenic  in,  500. 
Siebold's  test  for  morphine,  281. 
Sight  aflfected  in  lead-poisoning,  570. 
Silico-tungstic  acid  as  a  reagent  for 

alkaloids,  222. 
Silver,  592-597. 

,,    —Chloride  of,  592. 
,,    cyanide,  194, 

,,  — Detection    and  estimation 
of,  596. 

,,    — Effects  on  animals,  594. 
,,    in  the  arts,  593. 
,,    —Nitrate  of,  592. 

nitrate— Chronic  poisoning  by, 
595. 

— Post-mortem  appear- 
ances seen  in  fatal 
cases,  595. 

,,    nitrate  and  potash,  593. 

„    —Oxide  of,  592. 
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Silver  salts— Pharmaceutical  prepar- 
ations of,  593. 

„    —Sulphide  of,  592. 
Simon,.  J.   F. — Work  relative  to 

poisons,  19. 
Smelling  salts,  91. 

Smilacin — Separation  of  by  solvents, 
230. 

Smith,  Angus,  on  emanations  from 
alkali  works,  75. 
oninfluence  of  hydro- 
chloric    acid  on 
vegetation,  80. 
Robert— Case  of  poisoning  by 
paraffin,  recorded  by,  114. 
Smoking— Death  from,  261,  262. 
Smoler,  O.,  71. 

Smyrna  opium — Percentage  of  mor- 
phine in,  267. 
Snakes — Poisonous,  454-461. 

„         „  — ^Treatment  of 
bite  from  (Ap- 
pendix), 669. 
Snuff — Case  of  poisoning  by,  260. 
Soap — Compound  pill  o^  271. 
Sobemheim,  F.  H. — Work  relative 

to  poisons,  19. 
Socrates — Death  from  poison,  6. 
Soda,  96. 

— Treatment   of  poisoning  by 
{Appendix),  657. 
Sodce,  liquor,  96. 
Sodic  carbonate,  96. 

exsiccata,  96. 
J,    hypochlorite — Solution  of,  97. 
„    —Nitrate  of,  103. 
,,  ,,  — Action  of,  103. 

,,    nitrite,  104. 

„  oxalate— Effects  of,  483,  484. 

,,  — Treatment  of  poison- 
ing by  (Appendix), 
667. 

j^i    salts  as  constituents  of  the 

blood  and  tissues,  109. 
j>  — Limit  of  toxicity  of,  38. 

„      „   —Tests  for,  99. 
Sodium  amalgam — Use  of,  in  Davy's 
process  for  the  detection  of  arsenic, 
537. 

Sokoloff  on  prussic  acid,  191,  192. 
Solanine,  36S-370. 

carbon  and  nitrogen — Per- 
centage of,  246. 
„      phospho-molybdate,  222. 
„      —Poisoning  by,  369. 


Solanine  — Properties  of,  363,  369. 
,,      — Separation  of,  370. 
,,  ,,  bysolvents, 

237. 

„      — Subliming  point  of,  244. 

—Tests  for,  369. 
,,      — Treatment   of  poisoning 
by  (Appendix),  669. 
Solanum  dulcamara,  368. 
,,      nigrum,  368. 
,,      tuberosum,  368. 
Soletus  satanus,  or  luridus,  399. 
Solomon's  anti-impetigines,  604. 
Sonnenschein — Case  of  death  from 
potassic  ferridcyanide 
recorded  by,  194. 
„         — Case  of  death  from 
tobacco     juice  re- 
corded by,  261. 
,,         — Case     of  henbane 
poisoning  recorded  by, 
367. 

,,  — Conversion  of  brucine 
into  strychnine,  324. 

,,         on  arsenical  earth,  531. 

,,  on  arsenical  -  papered 
rooms,  497. 

,,  — Test  for  strychnine, 
332. 

„  — Work  on  poisons,  19. 

Soothing-syrup,  274,  275. 

Soubeyran  and  Liebig's  discovery  of 
chloroform,  130. 

Soxhlet's  apparatus,  54. 

Sparteine— Separation    of,  by  sol- 
vents, 233. 

Spectra  of  sodic  and  potassic  salts,  99. 

Spectroscopic    appearances    of  the 
blood  in  poisoning  by  ammonia,  92. 

Spectrum  of  phosphine,  215,  216. 

Speculum  metal —Composition  of,  499. 

Spiders— Poison  of,  447,  448. 

Squill— Constituents  of,  416. 

Stadelmann  on  the  effects  of  arsine, 
497. 

Stahl,  15. 

Stains    of   blood  —  Distinguishino- 
marks  of,  648-654.  " 
Stannius  on  digitalis,  409. 
Staphisagrine,  246. 

,,        — Carbon  and  nitrogen, 
percentage  o^  246. 
Stas'  process  for  alkaloids,  223. 
Statira,  6. 
Statistics,  29. 
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Stereotype  metal,  549. 

Stevenson,  Dr. — Case  of  poisoning 

by  nitro-benzene,  recorded  by,  174. 
Stibonium  tetramethyl,  38. 
Stcedler's  method  of  detecting  alcohol 

in  cbloroform,  131. 
Stomacb — Influence  of  alcohol  on, 
124. 

,,      pump  (Appendix),  655. 
,,      tube  (A'ppendix),  655. 
Storey's  worm-cakes,  604. 
Stramonium — Pharmaceutical  prepa- 
rations of,  354,  355. 
,,        — Treatment  of  poison- 
ing by  (Appendix),  669. 
Strauch    on    subliming    point  of 

theine,  241. 
Stromeyer,  15. 

Strontium — Limits  of  toxicity,  38. 
Strophantin,  416. 
Struthin,  .419. 

Struve — Detection  of  prussic  acid  by, 

long  after  death,  192. 
Strychnic  acid,  328. 
Strychnine,  304-324. 

„       —Acetate,  307. 

,,       —Action  of  on  animals, 

314,  315. 
„       — Action  of  on  cepha- 
lopoda, 39. 
— Action  of  on  man,  315, 
316. 

— Antagonism  to  physos- 
tigmtue  of,  379. 
„        — Antidote  for,  261. 
„       — Chromate  of,  307,  321. 
— Colour    reactions  for, 
322. 

— Diagnosis  of  poisoning 
by,  316,  317. 

— Discovery  of,  16. 

—Double  salts  of,  307. 

—Fatal  dose  of,  310-314. 

—Gold  chloride  of,  248. 

— Letheby's  galvanic  test 
for,  322. 

— Microscopical  appear- 
ances of,  305. 

— Nitrate  of,  306. 

— Pharmaceutical  pre- 
parations of,  307. 
,,       — Phospho-molybdate  of, 
322. 

— Physiological  action  of, 
317. 


Strychnine  —Physiological  tests  for, 
323. 

,,       —Precipitates  of,  307. 

,,  — Post-mortem  appear- 
ances in  poisoning  by, 
318. 

„        — Properties  of,  305. 

„        —Salts  of,  306. 

,,  — Separation  of  by  sol- 
vents, 232-235. 

,,  — Separation  of  from 
organic  matters,  319. 

„  — Separation  from  the 
urine,  320. 

,,  — Short  process  of  sepa- 
rating, 238. 

„       —Solubility  of,  305. 

,,  — Statistics  of  poisoning 
by  (Table  II.),  31,  36, 
310. 

,,  — Subliming  point  of, 
244. 

,,        — Sulphate  of,  306. 
,,        — Siilphocyanide,  307. 
,,       — Treatment  of  poisoning 
by  (Appendix),  669. 
— Tricldoride,  307. 
,,        — Value  of  Mayer's  pre- 
cipitate, 247. 
Styrian  arsenic  eaters,  509. 
Subcutaneous  injection  of  poisons,  41. 
Subissi  on  abortion  in  animals  as 

an  effect  of  carbolic  acid,  159. 
Sublimation  of  the  alkaloids,  240- 
245. 

Subliming-cell,  241,  242. 
Sugar  of  lead  (see  lead  acetate). 
Suicide,  ancient  practice  of,  3. 

— English  statistics  of,  34. 
,,     — Prussian        ,,  35. 
Sulphate  of  baryta  in  the  estimation 

of  sulphates,  69. 
Sulphate  of  magnesia  in  the  intestines, 
72. 

Sulphates  in  food,  72. 

,,       in  the  intestinal  canal,  72. 
Sulphide  of  ammonia  test  for  chloral, 
148. 

Sulphocyanide,  effects  of,  194. 
Sulphuric  acid,  57-68. 

„        „    —Accidental,  cruni- 
nal,   and  suicidal 
poisoning  bj',  59. 
„        ,,    — Action  of  on  the 
blood,  61. 
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Sulphuric  acid — A  ction  of,  on  carpet, 
clothing,  iron, 
paper,  62. 
,,  — Case  of  .  acute 
poisoning  by,  65. 
,,-  ,,  — Chronic  jjoisoning 
by,  66. 

„        ,,    — Criminal  case  of,  59. 

,,  ,,  — Detection  and  esti- 
mation of,  68. 

,,  ,,  — External  effects  of, 
60. 

,,        ,,    — Fatal  dose  of,  63. 
,,        ,,    — In  nature,  58. 

,,    — Internal  effects  of, 
64. 

,,        ,,    — Local  action  of,  61. 
,,        ,,    — Properties  of,  57. 

,,    — Statistics  of  poison- 
ing by,  59. 
)>        )i     —Symptoms  of 

poisoning  by,  63. 
,,  — Treatment  of 

poisoning   by,  65 
(see  also  Appendix, 
656,  657). 
Sulphuric  anhydride,  58. 
Superphosphateof  manure— Arsenical 
fumes  evolved  during  the  manu- 
facture of,  506. 
Sweden — Deaths  from   alcohol  in, 
122. 

Symptoms  of  poisoning,  41-51. 
Syringin— Separation  of,  230. 

Takqueril's  observations  on  lead 

poisoning,  569. 
Tapeworm  treated   by  turpentine, 

119. 

Tardieu,  Ambroise— Case  of  chronic 
poisoning  by 
cantharides 
recorded  by, 
452. 

J  5  ).      — Case  of  poison- 

mg  by  phos- 
phorus recor- 
ded by,  209. 

35  ),       — Classification 

of  varieties  of 
phosphorus- 
poisoning,  201. 
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many  Engravings,  and  Lithographed  Facsimile  of  the  Moabite  Stone. 
Large  post  8vo,  700  pages.    Twenty-third  Edition.    Handsome  cloth,  7/6. 
Half-bound,  calf,       ,       .       .       .  10/6. 
Morocco  antique,  gilt  edges,'      .       .  16/. 
"  By  far  the  best  Bible  Dictionary  for  general  use."— Clerical  Journal. 

II.  EADIE  (Rev.  Prof.)  :  CRUDEN'S  Con- 
cordance TO  THE  PIOLY  SCRIPTURES.  With  Portrait  on 
Steel,  and  Introduction  by  the  Rev.  Dr.  King.  Post  8vo.  Forty-seventh 
Edition.    Handsome  cloth,    .....  3/6. 

Half-bound,  calf,  ,  .  .  .6/6. 
Full  calf,  gilt  edges,  .  .  .  .  8/6. 
Full  morocco,  gilt  edges,    .       .       .  10/6. 

PLETESTarBElT  cKSrdTS  '  °'  '""'^ 

III.  EADIE  (Rev.  Prof.):  CLASSIFIED  BIBLE 

(The).  An  Analytical  Concordance.  Illustrated  by  Maps.  Large  Post 
ovo.    Sixth  Edition.    Handsome  cloth,  .       .       .  8/6. 

Full  morocco,  antique,       .       .  .17/. 

evrry''BibU;arstVent'"i°f^:^^^^^^^  °^  ^  ^^""^'^  °^  '° 

^^■.^J^^^^  ECCLESIASTICAL 

ti;:        f  A  Dictionary  of  Christian  Antiquities,  and  of 

the  History  of  the  Christian  Church.  By  the  Rev.  Professor  Eadie, 
Han1fsom;^bth"'°"^  Contributors.    Large  Post  8vo     .S/../.  Edition. 

17  '11     '  '  ■  .         '  •  •  • 

uU  morocco,  antique,       .       .  17/ 

V.  EADIE  (Rev.  Prof) :  A  DICTIONARY  OF 

THE  HOLY  BIBLE;  for  the  use  of  Young  People     With  Man  and 
Illustrations.    Small  8vo.    TJiirty-si.th  ThoLnd}  Clotirdegant^"^^ 
Full  morocco,  gilt  edges,    .       .       .     7/5/    ^     '  ' 
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CHARLES  GRIFFIN  d:  COMPANY'S 


FOSTER  (Charles)  :  THE  STORY  OF  THE 

BIBLE,  from  Genesis  to  Revelation— includins;  the  Historical  Connection 
between  the  Old  and  New  Testaments.  told  in  Simple  Language. 
Large  Post  8vo,  with  Maps  and  over  250  Engravings  (many  of  them  Eull- 
page,  after  the  Drawings  of  Professor  Carl  SchOnherr  and  others), 
.  illustrative  of  the  Bible  Narrative,  and  of  Eastern  Manners  and  Customs. 
No-iii  Ready.    Second  Thousand. 


Home  and  School  Edition,  cloth  elegant,      .       .  6/. 
Prize  and  Presentation  Edition,  beautifully  gilt,     .  7/6. 


Oi'iNioN's  0I--  THE  Press. 

"A  book  which,  once  taken  up,  is  not  easily  laid  down.  When  the  volume  is  opened, 
■we  are  fairly  caught.  Not  to  speak  of  the  well-executed  wood  engravings,  which  will 
each  tell  its  story,  we  find  a  simple  version  of  the  main  portions  of  the  Bible,  all  that  may 
most  profitably  be  included  in  a  work  intended  at  once  to  instruct  and  charm  the  young 
'- — a  version  couched  in  the  simplest,  purest,  most  Idiom.atic  English,  and  executed 
throughout  with  good  taste,  and  in  the  most  reverential  spirit.  The  work  needs  only  to 
be  known  to  make  its  way  into  /aiiiilies,  and  it  will  (at  any  rate,  it  oiii^ht  to)  become  a 
favourite  Manual  in  Sunday  Schools." — Scotsman. 

"A  Household  Treasure."  — /Fw/tr^  Morning  News. 

" This  attractive  and  handsome  volume  .  .  .  written  in  a  simple  and  transparent 
style.  .  .  .  Mr.  Foster's  explanations  and  comments  are  models  o;'  teaching." — 
Freeman . 

"This  large  and  handsome  volume,  abounding  in  Illustrations,  is  just  what  is  wanted. 
.    .    .    The  Story  is  very  beautifully  and  reverently  told."— C/rtiv'W  A'Wcj'. 

''There  could  be  few  better  Presentation  Books  than  this  handsome  volume." — Daily 
Jieview.  • 

"This  elegant  volume  will  prove  a  valuable  adjunct  in  the  Home  Circle  and  Sunday 
Class." — Western  Daily  Mercury. 

"  Will  accomplish  a  good  wokk." — Sunday  School  Chronicle. 

"  In  this  beautiful  volume  no  more  of  comment  is  indulged  in  than  is  necessary  to_  the 
elucidation  of  the  te.xt.  Everything  approaching  Sectarian  narrowness  is  carefully 
eschewed." — Methodist  Magazine. 

"  This  simple  and  impressive  Narrative  .  .  .  succeeds  thoroughly  in  rivetting  the 
attention  of  children  ;  .  .  .  admirably  adapted  for  reading  in  the  Home  Circle."— 
Daily  Chronicle. 

"The  Historical  Sketch  coiuiecting  the  Old  and  New  Testaments  is  a  very  good 
idea  ;  it  is  a  common  fault  to  look  on  these  as  distinct  histories,  instead  of  as  parts  of 
one  grand  whole." — Christian. 

"Sunday  School  Teachers  and  Heads  of  I'aniilies  will  best  know  how  to  value  this 
handsome  volume." — North:rn  Whig. 


KITTO   (John,  D.D.,  F.S.A.)  :    THE  HOLY 

LAND  :  The  Mountains,  ^'alleys,  and  Rivers  of  the  Holy  Land  ;  being 
the  Physical  Geography  of  Palestine.    With  eight  (uU-page  Illustrations. 
Eleventh  Tlwnsand.    AVtc  EdWon.    Fcap  8vo.    Cloth,  2/6. 
V  Contains  within  a  small  comptiss  a  body  of  most  interesting  and  valuable  informa;tion. 

 THE  PICTORIAL  SUNDAY  BOOK: 

Containing  nearly  two  thousand  Illustrations  on  Steel  and  Wood,  and  a 
Series  of  Maps.    Seventy-third  Thousand.    Folio.    Cloth,  gilt,  30/. 
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PALEY(Archdeacon):NATURALTHEOLOGY 

The  Evidences  of  the  Existence  and  the  Attrihntps  r.f  fr,» 
Deity.     With  lUustrative  Notes  and  Dissertationsf       HenRY  W 


  With    Lord    Brougham's    NOTES  anh 

itx;.&a;SfS:^""" = ~* -at 

^'\S?y<TO  J'TJr'??n'''^)  ;  CREATION'S  TESTI- 

rf^l'^l'^l^SctZ.'^'^^^^^  "^i"^-  ^g-."  "The  best  popular 

Natural  and  Revealed!"     '  ^^eligious  Evidence' 

RELIGIONS  OF  THE  WORLD  (The)  -  Bemp- 

Confessions  of  Faith  contributed  bv  Eminent  M.,^!.}     r   ^  '  f^^^"§^ 
J^th^by^^Men^ber  of  til^  E^^S  ^il^  ^-^iJir 
i4'^S^!'"5'h^^ltb^Se'!r^  T-'^-  hase.pressed 

SOUTHGATE    (Henry)-  SUGrFc;TTVT:^ 

THOUGHTS  ON  RELlGIoVs  SUBJECTS 

(-^ee  page  31.) 

SOUTHGATE  (Mrs.  Henry)-   THE  PRptc 

TIAN  LIFE:  Tlioughts  in  Prose  "d  4 '      r        ,  ^HRIS^ 

"""loS^ XZ2^l%''^\?^^  BLESSED 

Foolscap,  8vo.    Clothrgilt  3,^  6/  "'^  '^^""^  Vols,  in  One. 


6 


CHARLES  GRIFFIN  <fc  COMPANY'S 


SCIENTIFIC  WORKS. 


MEDICAL  WORKS 

■      By  WILLIAM  AITKEN,  M.D.,  Edin.,  F.R.S., 

PROFESSOR  OF  PATHOLOGY  IN  THE   AKMY   MEDICAL  SCHOOL  ;    EXAMINER  IN  MEDICINE  FOE 
THE  MILITARY  MEDICAL  SERVICES  OF  THE  QUEEN  ;  FELLOW  OF  THE  SANITARY 
INSTITUTE  OF  GREAT  BRITAIN  ;  CORRESPONDING  MEMBER  OF  THE  ROYAL 
IMPERIAL   SOCIETY   OF    PHYSICIANS   OF   VIENNA  ;   AND    OF  THE 
SOCIETY  OF  MEDICINE  AND  NATURAL  HISTORY  OF  DRESDEN. 


Nolu  Ready.    Seventh  Edition.  42/. 

The  SCIENCE  and  PRACTICE  of  MEDICINE. 

In  Two  Volumes,  Royal  8vo.,  cloth.  Illustrated  by  numerous  Engrav- 
ings on  Wood,  and  a  Map  of  the  Geographical  Distribution  of  Diseases. 
To  a  great  extent  Rewritten  ;  Enlarged,  Remodelled,  and  Carefully 
Revised  throughout. 

Jn  reference  to  the  Seventh  Edition  of  this  important  Work,  the  f  iiblishers 
would  only  remark,  that  no  labour  or  expense  has  been  spared  to  stistain  its 
well-knozvn  reputation  as  ''The  Representative  Book  of  the  Medical  Science  and 
Practice  of  the  Day  "  A  mong  the  More  Important  Features  of  the  Nciu  Edition^ 
the  subject  of'Dis^A^.v.s  OF  the  Brain  and  Nervous  System  may  be  specially 

mentioned.  ,  

Opinions  of  tlie  Press. 

"The  work  is  an  admirable  one,  and  adapted  to  the  requirements  of  the  Student 
Professon  a^d  Practitioner  of  Medicine.    .    .    .    The  reader  will  find  a  large  amount  of 
information  not  to  be  met  with  in  other  books,  epitonnsed  for  him  in  this     We  know  of 
no  work  that  contains  so  much,  or  such  full  and  varied  information  on  all  subjects  con- 
nected with  the  Science  and  Practice  of  Medicine.  -Lancet.  _ 

"  EKcellent  from  the  beginning,  and  improved  in  each  successive  issue  Dr.  Aitken  s 

R  S.  Lord  Chancellor's  Visitor  HI  Lunacy.  _  _ 

are  numerous."-5r/^»A  Medical  7our,tal.  ■ 

ably  performed  a  service  to  the  profession  of  the  mo.t  valuable  una. 
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Prof,  Aitken's  YJovlvls— (Continued). 

 OUTLINES  OF  THE  SCIENCE  AND 

PRACTICE  OF  MEDICINE.  A  Text-Book  for  Students.  Second 
Edition.    Crown  Svo,  12/6. 

"  Students  preparing  for  examinations  will  hail  it  as  a  perfect  godsend  for  its  concise- 
ness."— A  tkenieitm. 

"Well-digested,  clear,  and  well-written,  the  work  of  a  man  conversant  with  every 
detail  of  his  subject,  and  a  thorough  master  of  the  art  of  teaching." — British  Medical 
Journal. 


 THE  GROWTH  OF  THE  RECRUIT, 

and  the  Young  Soldier,  with  a  view  to  the  Selection  of  "Growing  Lads  " 
and  their  Training,  2/6. 


ANSTED   (Prof.,  M.A.,  F.R.S.)  :  NATURAL 

PIISTORY  OF  THE  INANIMATE  CREATION,  recorded  in  the 
Structure  of  the  Earth,  the  Plants  of  the  Field,  and  the  Atmospheric 
Phenomena.    With  numerous  Illustrations.    Large  post  Svo.    Cloth,  8/6. 

BAIRD  (W.,  M.D.,  F.L.S.,  late  of  the  Brit.  Mus.)  : 

THE  STUDENT'S  NATURAL  HISTORY ;  a  Dictionary  of  the 
Natural  Sciences:  Botany,  Conchology,  Entomology,  Geology  Miner- 
alogy, Palaeontology,  and  Zoology.  With  a  Zoological  Chart,  and  over 
250  Illustrations.    Demy  Svo.    Cloth  gilt,  io/6. 

si:s:,T^^^;^s^L^^-S^rfen^i!^^^ 

BROWNE    (Walter   R.,    M.A.,   M.  Inst.  C.E 

M.  Inst.  M.E.,  late  Fellow  of  Trinity  College,  Cambridge)  • 

THE  STUDENT'S  MECHANICS:  An  Introduction' to  the  Study 
of  Force  and  motion.    With  Diagrams.    Crown  Svo.    Cloth,  4/6. 

"  Clear  in  style  and  practical  in  method,  "The  Student'c;  MirrwA^r,r-.=  "  •        j-  „ 
to  be  recommended  from  all  points  of  view.    .    ,        W m  be  of  S  vl^^'.  II  5f '^'^"^ 
desirous  to  gain  full  knowledge."-^ ^       "^^'"^  '°  Students 

"The  merits  of  the  work  are  especi.-illy  conspicuous  in  its  clearness  and  brevJt,. 
deserves  the  attention  of  .ill  who  have  to  teach  or  learn  the  element-^  o7^^^^  " 
...  An  cx-cellent  wnz^^^Aox,:' -Westminster  Review.  °f  Mechanics 

FOUNDATIONS  OF  MECHANICS. 


Papers  reprinted  from  the  Enginea:    In  crown  Svo,  i/, 
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WORKS    by    A.    WYNTER    BLYTH,    M.R.C.S.,  F.C.S., 

3'ublic  Analyst  for  the  County  of  Devon,  and  Medical  Officer  of  Health  far 
St.Marylebone. 

HYGIENE  AND  PUBLIC  HEALTH  (a  Die- 

tionaiy  of)  :  embracing  the  following  subjects  : — • 

I. — Sanitary  Chemistry:  the  Composition  and  Dietetic  Value  of 
Foods,  with  the  Detection  of  Adulterations. 
II. — Sanitary  Engineering  :  Sewage,  Drainage,  Storage  of  Water, 
Ventilation,  Warming,  &c. 

III.  — Sanitary  Legislation  :  the  whole  of  the  PUBLIC  HEALTH 

ACT,  together  with  portions  of  other  Sanitary  Statutes  (without 
alteration  or  abridgment,  save  in  a  few  unimportant  instances),  in 
a  form  admitting  of  easy  and  rapid  Reference. 

IV.  — Epidemic  and  Epizootic  Diseases  :  their  History  and  Pro- 

pagation, witli  the  Measures  for  Disinfection. 
V — Hygiene- Military,  Naval,  Private,  Public,  School. 
Royal  8vo,  672  pp.,  cloth,  with  Map  and  140  Illustrations,  28/. 

"  A  work  that  must  have  entailed  a  vast  amount  of  labour  ana  research.  .  .  .  Will 
become  a  Standard  Work  in  Hygiene  and  Public  Health." — Medical  Times  atid 
Gazette. 

"  Contains  a  great  mass  of  information  of  easy  mk'ce.xicz." —Sanitary  Record. 


RE-ISSUE    OF    BLYTH'S    "PRACTICAL  CHEMISTRY.'' 

In  2  Vols.    Crown  Svo. 
Vol,  I,— FOODS:  THEIR  COMPOSITION  AND  ANALYSIS. 
Price  16/.    ( Ready.) 

General  Contents. 

History  of  Adulteration  -  Legislation,  Past  and  Present— Apparatus  useful  to  the 
Food  Analyst— "Ash  "—Sugar— Confectionery-  Honey— Treacle— Jams  and  Preserved 
Kruits-Starches-Wheaten-Flour— Bread— Oats  —  Barley— Rye— Rice— Maize— Millet 
—  Potato— Peas— Chinese  Peas— Lentils — Beans— Milk— Cream— Butter— Cheese— Tea 
—Coffee  —  Cocoa  and  Chocolate  —  Alcohol  —  Brandy— Rum— Whisky— Gin— Arrack— 
I  iqueurs— Beer— Wine— Vinegar— Lemon  and  Lime  Juice— Mustard— Pepper— Sweet 
and  Bitter  Almond— Annatto— Olive  Oil— Water.  Appe7idxx :  Text  of  English  and 
American  Adulteration  Acts. 

Jn  Croxvn  Svo.,  cloth,  with  Elaborate  Tables,  Folding LitJio-Plate,  and  Photoxrafhic 

Frontispiece. 


VoL  IL-^POISONS:  THEIR  EFFECTS  AND  DETECTION. 
(Nearly  ready.) 

General  Contents. 

Historical  Introduction-Statistics-General  Methods  of  Procedure---Life  Tests- 
Special  Apparatus-Classification  :  1.-0kganic  Poisons  :  Sulphunc,  Hydrochloric, 
and  NitrkT Acids,  Potash,  Soda,  Ammonia,  .&c  ;(*.)  Petroleum,  Benzene  Camphor 
Alcohols,  Chloroform,  Carbolic  Acid,  Prussic  Acid,  Phosphorus,  &c  :  )  He^n  ock 
Nicotine  Opium,  Strychnine,  Aconite,  Atropine,  Digitalis,  &c.  ;  {d.)  Poisons 
derived  from  Animal  Substances;  (..)  The  Oxalic  Acid  Group.  IL-Inokoanic 
Poisons:  Arsenic,  Antimony,  Lead,  Copper,  Bismuth,  Sdver,  Mercury  Zinc,  Mckel 
Iron  Chromium,  Alkaline  Earths,  Sc.  Appendix:  Examination  of  Blood  and 
Blood-Spots.  

".Stands  Unrivalled  for  completeness  of  information  .  .  .  A  really  '  practical  * 
work  for  the  guidance  of  practical  m^^i.-Sanitarv  ^^."^'H'^- 

'•  The  whole  work  is  full  of  useful  practical  information.  —Chemical  Ne^us. 


SCIENTIFIC  PUBLICATIONS, 


9 


THE   CIRCLE   OF   THE   SCIENCES:  A 

SERIES  OF  POPtTLAR  TREATISES  ON  THE  NATURAL  AND 
PHYSICAL  SCIENCES,  AND  THEIR  APPLICATIONS,  hj 
Professors  Owen,  Ansted,  Young,  and  Tennant  ;  Drs.  Latham, 
Edwaed  Smith,  Scoffern,  Bushnan,  and  Bronner  ;  Messrs'. 
Mitchell,  Twisden,  Dallas,  Gore,  Imray,  Martin,  Sparling', 
and  others.  Complete  in  nine  volumes,  illustrated  with  many  thousaad 
Engravings  on  Wood.    Crown  8vo.    Cloth  lettered.    Each  vol.,  5/. 

Vol.  I.— organic  NATURE.— Part  I.  Animal  and  Vegetable  Physiology :  the  Skeleton 

and  the  Teeth;  Varieties  of  the  Human  Race. 
Vol.  2.— ORGANIC  NATURE.— Part  II.  Structural  and  Systematic  Botany— Invertebrated 

Animals. 

Vol.  3.— organic  NATURE.— Part  III.  Vertebrated  Animals. 

Vol.  4.— INORGANIC  NATURE.- Geology  and  Physical  Geography;  Crystallography 

Mmeralogy;  Meteorology,  and  Atmospheric  Phenomena. 
Vol.  s.— NAVIGATION ;  PRACriCAL  AND  NAUTICAL  ASTRONOMY 
Vol.  6.— ELEMENTARY  CHEMISTRY. 

Vol.  7.-PRACTICAL  CHEMISTRY.-Electro-Metallurgy;  Photography;  Chemistry  of 
Food ;  and  Artificial  Light.  r  j  ,  j 

Vol.  8.-MATHEMATICAL  SCIENCE.-Arithmetic;  Algebra;  Plane  Geometry ;  Logar- 
ithms ;  Plane  and  Spherical  Trigonometry;  Mensuration  and  Practical  Geometry 
with  use  of  Instruments.  ■'' 

Vol.  9.-MECHANICAL  PHILOSOPHY.-Statics;  JDynamics;  Hydrostatics;  Pneumatics: 
Practical  Mechanics ;  and  the  Steam  Engine. 


I 

2, 
3' 

4. 
5. 
6. 

7- 

8, 

9- 
10. 
II. 
12. 

13- 
14. 

IS- 
16. 

17- 
18. 
19. 
20, 
21. 
22. 

23- 
24. 


IN  SEPARATE  TREATISES!  Cloth. 

,  Ansted's  Geology  and  Physical  Geography,  . 
Breem's  Practical  Astronomy, 

Bronner  and  Scoffern's  Chemistry  of  Food  and  Diet 
Bushnan's  Physiology  of  Animal  and  Vegetable  Life  ' 
Gore's  Theoiy  and  Practice  of  Electro-Deposition, 
Imray's  Practical  Mechanics,  . 
Jardine's  Practical  Geometry, 
Latham's  Varieties  of  the  Human  Species, 
Mitchell  and  Tennant's  Crystallography  and  Mineralogy 
Mitchell's  Properties  of  Matter  and  Elementary  Statics 
Owen  s  Prmcipal  Forms  of  the  Skeleton  and  the  Teeth  ' 
Scoffern's  Chemistry  of  Heat,  Light,  and  Electricty  ' 
Scoffern's  Chemistry  of  the  Inorganic  Bodies 
Scoffern's  Chemistry  of  Artificial  Light, 
Scoffern  and  Lowe's  Practical  Meteorology 
Smith  s  Introduction  to  Botany:  Structural  aAd  Systematic 
TwiSDEN's  Plane  and  Spherical  Trigonometry 
Twisden  on  Logarithms,  . 

Young's  Elements  of  Algebra,        !       .*       *  ' 
Young's  Solutions  of  Questions  in  Algebra 
Young's  Navigation  and  Nautical  Astronomy  *  ' 
Young's  Plane  Geometry, 

Young's  Simple  Arithmetic,  .  '  "  *  ' 
Young's  Elementaiy  Dynamics,     ,      '      '  " 


2/6, 
2/6. 
1/6. 
1/6. 
1/6. 
1/6. 

I/- 
1/6. 

3/- 
1/6. 
1/6. 
3/- 

H- 

1/6. 

1/6. 
2/. 
1/6. 
I/. 

I/. 

2/6. 
1/6. 

I/. 
1/6. 


lo  CHARLES  ORIFFIN  S  CO  MP  ANTS 


DALLAS  (W.  S.,  F.L.S.)  : 

A   POPULAR   HISTORY   OF   THE   ANIMAL  CREATION: 
The  Habits,  Structure,  and  Classification  of  Animals.    With  coloured 
Frontispiece  and  many  hundred  Illustrations.   N'cw  Edition.   Crown  8vo 
Cloth,  8/6. 

DOUGLAS  (John  Christie,  Mem.  Soc.  Tel.  Eng., 

East  India  Govt.  Telegraph  Department,  &c.) : 

A  MANUAL  OF  TELEGRAPH  CONSTRUCTION.  For  the  use 
of  Telegiaph  Engineers  and  others.  With  numerous  Diagrams.  Crowr 
8vo.    Cloth,  bevelled,  15/. 

* .^^  Second  Editio>i.    Published  'viih  the  approval  of  the  Ditector-  General 
of  Telcgi-aphs  in  India. 

GENERAL  CONTENTS. 

Part  I.— General  Principles  of  Strength  and  Stability  : 
with  the  Strength  of  Materials. 

Part  II. — Properties  and  Applications  of  Materials,  avith 
Specifications. 

Part  III. — Telegraph  Construction,  Maintenance,  and 
Organisation,  treating  of  the  Application  of  the  Information 
conveyed  in  Parts  I.  and  11.  to  the  case  of  Combined  Structures; 
including  the  Construction  of  Overground,  Subterranean,  and 
Subaqueous  Lines  ;  Office  Fittings  ;  Estimating  j  Organisation, 
&c. 

"  Mr.  Douglas  deserves  ihe  thanks  of  Telegraphic  Engineers  for  the  excellent  'Manual ' 
now  before  us  ...  he  has  ably  supplied  an  existing  want  .  .  .  the  subject  is 
treated  with  great  clearness  and  judgment  .  .  .  good  practical  information,  given  in 
a  clear,  terse  style." — Eiigittcermg. 

"The  amount  of  information  given  is  such  as  to  render  this  volume  a  most  useful 
guide  to  any  one  who  may  be  engaged  in  any  branch  of  Electric  Telegraph  Engineer- 
ing."— Athetitcum. 

"Calculated  to  be  of  great  service  to  Telegraphic  Engineers." — It-oii. 

DUPRE  (Alphonse,  Ph.  D.,  F.R.S.,  Prof,  of 

Chemistry  at  the  Westminster  Hospital)  and  HAKE  (H.  W.,  Ph.  D., 
F.C.S.,  of  Queenwood  College)  : 
A  MANUAL  OF  CHEMISTRY,  Organic  and  Inorganic,  for  the  use 
,       of  Students.    ( In  preparation. ). 

GRIFFIN  (John  Joseph,  F.C.S.)  : 

CHEMICAL  RECREATIONS:  A  Popular  Manual  of  E.xperimental 
Chemistry.  With  540  Engravings  of  Apparatus.  Tenth  Edition.  Crown 
4to.  Cloth, 

Part   I. — Elementary  Chemistry,  2/. 

Part  II. — The  Chemistry  of  the  Non-Metallic  Elements,  including  a 
Comprehensive  Course  of  Class  Experiments,  10/6. 
Or,  complete  in  one  volume,  cloth,  gilt  top,     .       .  12/6. 
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GURDEN  (Richard  Lloyd,  Authorised  Surveyor 

for  the  Governments  of  New  South  Wales  and  Victoria)  : 

TRAVERSE  TABLES  :  computed  to  Four  Places  Decimals  for  every 
Minute  of  Angle  up  to  loo  of  Distance.  For  the  use  of  Surveyors  and 
Juigineers.    In  folio,  strongly  half-bound,  30/. 

Published  with  Conatrrence  of  Ihe  Surveyors-General  for  New  South 
Wales  and  Vicioria. 


"Mr.  GuRDEN  is  to  be  thanked  for  the  e.\traordinary  labour  which  he  has  bestowed 
on  facilitating  the  work  of  the  Surveyor.  ...  An  almost  unexampled  instance  of 
professional  and  literary  industry." — Athenmum. 

"  Those  who  have  experience  in  exact  Survey-work  will  best  know  how  to  appreciate 
ihe  enormous  amount  of  labour  represented  by  this  valuable  book.  The  computations 
enable  the  user  to  ascertain  the  sines  and  cosines  for  a  distance  of  twelve  miles  to  within 
half  an  inch,  .md  this  by  reference  to  but  One  Table,  in  place  of  the  usual  Fifteen 
minute  computations  required.  This  alone  is  evidence  of  the  assistance  which  the  Tables 
ensure  to  every  user,  and  as  every  Surveyor  in  active  practice  has  felt  the  want  of  such 
assistance,  few  knowing  of  their  publication  will  remain  without  them." — Engiitcer. 

"We  cinnot  sufficiently  admire  the  heroic  patience  of  the  author,  who,  in  order  to 
prevent  error,  calculated  each  result  by  two  different  modes,  and,  before  the  work  was 
finally  placed  m  the  Printers'  hands,  repeated  the  operation  for  a  third  time,  on  revisinn 
the  proofs." — Engineering. 

"  '°  ^^'^  present  time,  no  Tables  for  the  use  of  Surveyors  have  been  prepared 
which,  m  minuteness  of  detail,  can  be  compared  with  those  compiled  by  Mr  Gurden' 
•    :    •  of  this  book,  i/!£  toil  of  calculation  is  reduced  to  a  vtinimum  '■ 

and  not  only  is  time  saved,  but  the  risk  of  error  is  avoided.  Mr.  Gurden's  book  has  but 
to  be  known,  and  no  I'.ngineer's  or  Architect's  office  will  be  without  a  copy."— ^  rchitect 


JAMIESON  (Andrew,  CE.,  F.R.S.E.)  : 

.STEAM  AND  THE  STEAM  ENGINE  (A  Manual  of)  for  the  use 
of  Students  preparmg  for  Government  and  other  Competitive  Examina- 
tions.   With  Numerous  Diagrams.    Crown  8vo.    [In  preparation.) 


JAMIESON  (Andrew,  C.E.),  and  MUNRO  (John 

C.E.):  ' 

A  POCKET-BOOK  OF  ELECTRICAL  RULES  AND  TABLES 
— (oVi?  Munro,  John.) 

LEARED  (Arthur,  M.D.,  F.R.C.P.,  late  Senior 

I'hysician  to  the  Great  Northern  Hospital : 

•     c  ^^^S^i^iv^^"^  DIGESTION:  Its  Causes  and  Treatment.    Post  8vo 
Seventh  Edition.    Cloth,  4/6. 

"It  now  constitutes  about  the  best  work  on  the  subject."-X«/r«^. 
^:^'^<^^:,:^Z:::T'^  »  spirk  and  popular 
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LINN  (S.H.,  M.D.,  D.D.S.,  Dentist  to  the  Imperial 

Medico-Chirurgical  Academy  of  St.  Petersburg)  : 

THE  TEETH  :  How  to  preserve  them  and  prevent  tlieir  Decay.  A 
Popular  Treatise  on  the  Diseases  and  the  Care  of  the  Teeth.  With 
Plates  and  Diagrams.    Crown  8vo,    Cloth,  2/6. 

"Everyone  who  values  his  teeth— (and  who  does  not?)— should  study  this  practical 
little  book." 

"  Many  important  truths  on  the  preservation  of  the  teeth  and  the  irregularity  of 
children's  teeth  are  here  set  forth  ;  and  on  the  subject  of  artificial  teeth  there  is  sound 
advice,  which  most  of  us  may  sooner  or  later  be  glad  of." — Medical  Times  and  Gazette. 

"  Contains  much  useful  information  and  excellent  advice." — Leeds  Mercury, 

"  Deserves  to  be  widely  read." — Northern  Vyhig. 

"  We  heartily  recommend  the  treatise." — yohii  Bull, 

LONGMORE   (Surgeon-General,  C.B.,  O.H.S., 

F.R.C.S.,  &c.,  Professor  of  Militaiy  Surgery  in  the  Army  Medical 
School): 

THE  SANITARY  CONTRASTS  OF  THE  CRIMEAN  WAR. 
Demy  8vo.    Cloth  limp,  1/6. 

"A  most  valuable  contribution  to  Military  Medicine." — British  Medical  yourTtaL 
"  A  most  concise  and  interesting  Review." — Lancet. 


M'NAB  (W.  Ramsay,  M.  D.,  F.L.  S.,  Professor  of 

Botany  at  the  Royal  College  of  Science,  Dubhn): 

A  MANUAL  OF  BOTANY,  Structural  and  Systematic,  for  the  use  of 
Students.    [In  preparation.) 

MOFFITT  (Staff-Assistant-Surgeon  A.,  late  of  the 

Royal  Victoria  Hospital,  Netley) : 

A  MANUAL  OF  INSTRUCTION  FOR  ATTENDANTS  ON 
THE  SICK  AND  WOUNDED  IN  WAR.  With  numerous  Illustra- 
tions,   Post  8vo.    Cloth,  S/. 

*^,*  Published  U7tder  the  sanction  of  the  National  Society  for  Aid  to  the 
Sick  and  Wounded  in  War. 

MUNRO  (John,  C.  E.)  and  JAMIESON 

(Andrew,  C.E.,  F.R.S.E.): 

A  POCKET-BOOK  OF  ELECTRICAL  RULES  AND  TABLES, 
for  the  use  of  Electricians  and  Engineers.    Royal  32mo.    {At press.) 
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NAPIER  (James,  F.R.S.E.,  F.C.S.) : 

A  MANUAL  OF  THE  ART  OF  DYEING  AND  DYEING 
RECEIPTS.  Illustrated  by  Diagrams  and  Numerous  Specimens  of 
Dyed  Cotton,  Silk,  and  Woollen  Fabrics.  Demy  8vo.  Third  Edition, 
thoroughly  revised  and  greatly  enlarged.    Cloth,  21/. 

General  Contents. 


I.  Heat  and  Light. 
II.  A  Concise  Syste.m  of  Chemistry, 
with  special  reference  to  Dyeing. 
HI.  Mordants  and  Alterants. 


IV.  Vegetable  Matters  in  use  in  the 

Dye-house. 
V.  Animal  Dyes. 
VI.  Coal-tar  Colours. 


Appendix— Receipts  for  Manipulation. 

"The  numerous  Dyeing  Receipts  and  the  Chemical  Information  furnished  will  be 
exceedingly  valuable  to  the  Practical  Dyer.  ...  A  Manual  of  necessary  reference 
to  all  those  who  wish  to  master  their  trade,  and  keep  pace  with  the  scientific  discoveries 
of  the  time." — Jowiial  of  Applied  Science. 


 A  MANUAL  OF  ELECTRO-METAL- 

LURGY.  With  numerous  Illustrations.  Crown  8vo.  Cloth.  Fifth 
Edition,  revised  and  enlarged,  7/6. 


General  Contents. 


I.  History  of  the  Art. 
II.  Description  of  Galvanic  Batteries 
and  their  Respective  Peculiarities. 

III.  Electrotype  Processes. 

IV.  Bronzing. 

V.  Miscellaneous  Applications  of  the 
Process  of  Coating  with  Copper. 


VI. 

VII. 
VIII. 
IX. 


X. 


Deposition  of  Metals  upon  one 

another. 
Electro-Plating. 
Electro-Gilding. 
Results  of  Experiments  on  the 

Depositions  of  other  Metals  as 

Coatings. 
Theoretical  Observations. 


A  work  that  has  become  an  established  authority  on  Electro-Metallurgy,  an  art 
which  has  been  of  immense  use  to  the  Manufacturer  in  ecoiiornismg-  the  guantity  of  the 
Precious  metals  absorbed,  and  hi  extending-  the  sale  of  Art  Manufactures.  .  .  . 
We  can  heartily  commend  the  work  as  a  valuable  handbook  on  the  subject  on  which  it 
treats.  — Journal  of  Applied  Science. 

^ZIa^^-^''^^  Edition  has  all  the  advantages  of  a  new  work,  and  of  a  proved  and  tried  - 
tnend.   Mr.  Napier  is  well  known  for  the  carefulness  and  accuracy  with  which  he  writes. 
;„  A  "  Aofoughness  m  the  handling  of  the  subject  which  is  far  from  general 

;^f„™of-  ■  r  /    P^.w^''>'k  IS  one  of  those  which,  besides  supplying  first-class 

information,  are  calculated  to  inspire  invention."-7^zy<.//fr  and  Watchmak^. 


PHILLIPS  (John,  M.A.,  F.R,S.,  late  Professor 
of  Geology  in  the  University  of  Oxford)  : 

hv^R^l^^"^^        GEOLbGY  :   Theoretical  and  Practical.  Edited 
Surv?v  nf  r  ^r^^^^^'X  ^-S-^-'   Paleontologist  to  the  Geological 
C^lT.  ^c:"^^'"'  P^^t-President  of  the  Geological  Society ;  and 
?n^W  S     f     ^^''.rY'  P'-ofessor  of  Geography  in  King's 

College    London.     With  numerous  Tables,  Sections,  and  Figures  of 
.    Characteristic  Fossils.     In  Preparation. '  Demy  8vo   Third  Edition  - 
Thoroughly  Revised  and  Augmented.  ^       '  ^auion. 
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PHILLIPS  (J.  Arthur,  M.  Inst.  C.E.,F.C.S.,F.G.S., 

Ancien  Eleve  de  I'Ecole  des  Mines,  Paris)  : 

ELEMENTS  OF  METALLURGY  :  a  Practical  Treatise  on  the  Art 
of  Extracting  Metals  from  their  Ores.     With  over  200  Illustrations,  many 
of  which  have  been  reduced  from  Working  Drawings.    Royal  8vo.,  764 
.   pages,  cloth,  34/. 

General  Contents. 

I.^ — A  Treatise  on  Fuels  and  Refractory  Materials. 
II. — A  Description  of  the  principal  Metalliterous  Minerals,  with  tlieir  Distri- 
bution. 

III. — Statistics  of  the  amount  of  each  Metal  annuallj'  produced  throughout  the 
World,  obtained  from  official  sources,  or,  where  this  has  not  been  practicable, 
from  authentic  private  information. 
IV. — The  Methods  of  Assaying  the  different  Ores,  together  with  the  Processus 
of  Metallurgical  Treatment,  comprising: 

Refractory  Materials.  Antimony.  Iron. 

Fire-Clays.  Arsenic.  Cobalt. 

Fuels,  <jr'c.  Zinc.  Nickel. 

AUuminium.  Mercury.  Silver. 

Copper.  Bi.smuth.  Gold. 

Tin.  Lead.  Platinum. 

"  '  Elements  of  Metallurgy'  possesses  intrinsic  merits  of  the  highest  degree.  Such  a 
work  is  precisely  wanted  by  the  great  majority  of  students  and  practical  workers,  and  its 
very  compactness  is  in  itself  a  first-rate  recommendation.  ...  In  our  opinion,  the 
best  work  ever  written  on  the  sur.jECT  with  a  view  to  its  practical  treatment." — 
Westminster  Kevie^v. 

"  For  twenty  years  the  learned  author,  who  might  well  have  retired  with  honour  on 
account  of  his  acknowledged  success  and  high  character  as  an  authority  in  Metallurgy, 
has  been  making  notes,  both  as  a  Mining  Engineer  and  a  practical  Metallurgist  and 
devoting  the  most  valuable  portion  of  his  time  to  the  acciunulation  of  materials  for  this 
his  Masterpiece.  ' — Colliery  Guardian. 

"  The  value  of  this  work  is  almost  inestimable.  There  can  be  no  question  that 
the  amount  of  time  and  labour  bestowed  upon  it  is  enormous.  .  .  .  There  is  certainly 
no  Metallurgical  Treatise  in  the  language  calculated  to  prove  of  siich  general  utility  to 
the  Student  really  seeking  sound  practical  information  upon  the  subject,  and  none  which 
gives  greater  evidence  of  the  extensive  metallurgical  knowledge  of  its-'\iithor."— 
Journal. 


PORTER   (Surgeon- Major  J.  H.,  Late  Assistant 

Professor  of  Military  Surgery  in  the  Army  Medical  School,  and  Hon. 
Assoc.  of  the  Order  of  St.  John  of  Jerusalem)  : 

THE  SURGEON'S  POCKET-BOOK :  an  Essay  on  the  Best  Treat- 
ment of  the  Wounded  in  War  ;  for  which  a  Prize  was  awarded  by  Her 
Majesty  the  Empress  of  Germany.  Specially  adapted  to  the  Pur.r.ic 
Medical  Services.  With  152  Illustrations,  i6mo,  roan.  Second 
Edition,  Revised  and  Enlarged,  7/6. 

"Every  Medical  Officer  is  recommended  to  li.ive  the  'Surgeon's  Pocket  Book'  by 
Surgeon-Major  Porter,  accessible  to  refresh  his  memory  and  fortify  his  judgment. 
—Precis  of  Field-Service  Medical  Arrangements  for  Afghan  War.        ^  , ,  „    „  ...  , 

"A  complete  vade  viecum  to  guide  the  militarj'  surgeon  in  the  held,  —hrttisii 

Medical  Journal.  .    ■     ,  a  r,^,. 

"  A  capital  little  book  .  .  .  of  the  greatest  practical  value.  .  .  A  surgeon 
with  this  Manual  in  his  pocket  becomes  a  man  of  resource  at  once,  —li' esttmnster 

''^"'sT'fully  illustrated  that  for  Lav-Rhaders  and  Ambulance  Work  it  will  prove 
eminently  useful."— A/VrftVa/  Times  and  Gazette. 
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SCIENTIFIC  MANUALS 

BY 

W.  J.  MACQUORN  RANKINE,  C.E.,  LLD„  F.R.S., 

Late  Regius  Professor  of  Civil  Engineering  in  the  University  of  fllasgow. 
In  Crown  8vo.  Cloth. 


I.  Rx^NKINE  (Prof.):  APPLIED  MECHANICS: 

comprising  the  Principles  of  Statics  and  Cinematics,  and  Theory  of  Struc- 
tures, Mechanism,  and  Machines.  With  numerous  Diagrams.  Te/UA 
Edition,  12/6. 

"  Cannot  fail  to  be  adopted  as  a  text-book.    .    .    .    1  he  whole  of  the  information  is  so 
admirably  arranged  that  there  is  every  facility  for  reference."— ^//k?«»-  Journal. 

II.  RANKINE  (Prof.):  CIVIL  ENGINEERING: 

comprising  Engineering  Surveys,  Earth\vork,  Foundations,  Masonry, 
Carpentry,  Metal-work,  Roads,  Railways,  Canals,  Rivers,  Water-works, 
Harbours,  &c.  With  numerous  Tables  and  Illustrations.  Fourleenth 
Edition,  16/. 

III.  RANKINE  (Prof.):  MACHINERY  AND 

MILLWORK:  comprising  the  Geometiy,  Motions,  Work,  Streno-th, 
Construction,  and  Objects  of  Machines,  &c.  Illustrated  with  nearly  vm 
Woodcuts.    Fifth  Edition,  12I6. 

"Professor  Rankine's  'Manual  of  Machinery  and  MilKvork '  fully  maintains  the  high 
reputation  which  he  enjoys  as  a  scientific  author ;  higher  praise  it  is  difficult  to  award  to 
any  book.    It  cannot  fail  to  be  a  lantern  to  the  feet  of  every  engineer.  '^The  Engineer. 

IV.  RANKINE  (Prof.)  :   THE  STEAM  EN- 

^/^E  and  OTHER  PRIME  MOVERS.  With  Diagram  of  the 
Mechanical  Properties  of  Steam,  Folding  Plate,  numerous  Tables  and 
Illustrations.     I'entk  Edition,  12/6. 

V.  RANKINE  (Prof.):  USEFUL  RULES  and 

TABLES  for  Engineers  and  others.  With  Appendix :  Tables,  Tests, 
and  Formula  for  the  use  of  Electrical  Engineers  ;  comprising 
Submarine  Electrical  Engineering,  Electric  Lighting,  and  Transmission 
of  Power.  By  Andrew  Jamieson,  C.E.,  F.R.S.E.  Sixth  Edition,  10/6 
M^i^s'j^'^fll!^''  ""^'"^^f"!  collection  of  engineering  data  hitherto  produced. "- 
"  Every  Electrician  will  consult  it  with  v^o^^."—Eitgineeri)is. 

VI.  RANKINE    (Prof.):    A  MECHANICAL 

r  F^^wS?^'  MACQUORN  RANKINE  and  E.  F.  Bamber, 

C.L.    With  numerous  Illustrations.    Second  Edition,  9I 
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Prof.  Rankine's  Works— {Continued). 

VII.  RANKINE  (Prof.):  MISCELLANEOUS 

SCIENTIFIC  PAPERS,  from  the  Transactions  and  Proceedings  of  tlie 
Royal  and  other  Scientific  and  Philosopliical  Societies,  and  the  Scientific 
Journals.    Royal  8vo.    Cloth,  31/6. 

Part  I. — Papers  relating  to  Temperature,  Elasticity,  and  Expansion 
of  Vapours,  Liquids,  and  Solids. 

Part  II. — Papers  on  Energy  and  its  Transformations. 

Part  III. — Papers  on  Wave-Forms,  Propulsion  of  Vessels,  &c. 

With  Memoir  by  P.  G.  Tait,  M.  A.,  Prof,  of  Natural  Philosopliy  in  the 
University  of  Edinburgh.  Edited  by  W.  J.  Millar,  C.E.,  Secretary  to 
the  Institute  of  Engineers  and  Shipbuilders  in  Scotland.  With  fine 
Portrait  on  Steel,  Plates,  and  Diagrams. 

_  "  No  more  enduring  Memorial  of  Profe.ssor  Rankine  could  be  devised  than  the  publica- 
tion of  these  papers  in  an  accessible  form.  .  .  .  The  Collection  is  most  valuable  on 
account  of  the  nature  of  his  discoveries,  and  the  beauty  and  completeness  of  his  analysis. 
.  .  .  The  Volume  exceeds  in  importance  any  work  in  the  same  department  published 
in  our  time." — Architect. 


SEATON  (A.  E.,  Lecturer  on  Marine  Engineering 

to  the  Royal  Naval  College,  Greenwich,  and  Member  of  the  Institute  of 
Naval  Architects)  : 

A  MANUAL  OF  MARINE  ENGINEERING ;  Comprising  the 
Designing,  Construction,  and  Working  of  Marine  Machinery.  With 
numerous  Illustrations.    Second  Edition.    Demy  8vo.    Cloth,  18/. 


This  Work  has  been  prepared  to  supply  the  existing  want  of  a  Te.xt-Book  showing  the 
apphcation  of  Theoretical  Principles  to  the  Design  and  Construction  of  Marine 
Machinery — as  determined  by  the  experience  of  leading  Engineers,  and  carried  out  in 
the  most  recent  successful  practice.  It  is  intended  for  use  by  l5raughtsmen  and  practical 
Engineers,  as  well  as  by  Instructors  and  Students  in  Marine  Engineering,  and  is  fully 
illustrated. 


GENERAL 

1.  Principles  of  Marine  Propul- 
sion. 

II.  Principles  of  Steam  Engineer- 
ing. 


CONTENTS. 

III.  Details  of  Marine  Engine-s. 

IV.  Propellers. 

V.  Boilers. 

VI.  Miscellaneous. 


Opinions  of  the  Press. 

"  The  important  subject  of  Marine  Engineering  is  here  treated  with  the  thoroughness 
that  it  requires.  No  department  has  escaped  attention.  .  .  .  Gives  the  results  of 
much  close  study  and  practical  work." — Engineering. 

"  By  far  the  best  Manual  in  existence.  .  .  .  Gives  a  complete  account  of  the 
methods  of  solving,  with  the  utmost  possible  economy,  the  problems  before  the  Marine 
Engineer." — Aihctuvum. 

"  In  the  three-fold  capacity  of  enabling  a  Student  to  le.arn  how  to  design,  construct, 
and  work  a  modern  Marine  Steam-Engine,  Mr.  Scaton's  Manual  has  no  rival  as  regards 
comprehensiveness  of  purpose  aud  lucidity  of  treatment." — Tunes. 

"The  Student,  Draughtsman,  and  Engineer  will  find  this  work  the  most  valuable 
Handbook  of  Reference  on  the  Marine  Engine  now  in  existence."— ./I/«ri«<r  E/igtncer. 
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SHELTON  (W.  Vincent,  Foreman  to  the  Imperial 

Ottoman  Gun  Factories,  Constantinople)  : 

THE  MECHANIC'S  GUIDE :  A  Hand-Book  for  Engineers  and 
Artizans.  With  Copious  Tables  and  Valuable  Recipes  for  Practical  Use. 
Illustrated.    Crown  8vo,    Cloth,  7/6. 


GENERAL  CONTENTS. 


Part     I.— Arithmetic. 
Part   II.— Geometry. 
Part  III.— Mensuration. 
Part  IV.— Velocities  in  Boring  and 
iWheel- Gearing. 


Part     V.— "WTieel  and  Screw  Cut- 
ting. 

Part    VI. — Miscellaneous  Subjects. 
Part  VII.— The  Steam  Engine. 
Part  VIII.— The  Locomotive. 


"  The  Mechanic's  Guide  will  answer  its  purpose  as  completely  as  a  whole  series  of 
elaborate  text-books.'  —jJ/zV«'«g-  Journal. 

"  Ought  to  have  a  place  on  the  bookshelf  of  every  Mechanic."— 
"  Much  instruction  is  here  given  without  pedantry  or  pretension."— ^/^Vrfi^n 
"A  sine  qua  ,ton  to  every  practical  Mechanic."— TfazVo/flj'  Service  Gazette, 
.y.-  TJiis  Work  is  specially  intended  for  Self-Teachers,  and  places  before  the  Reader  a 
TaSn  toP^c^r.^^^^^^^^^  together  with  lUustrationsof  their 


THOMSON  (Spencer,  M.D.,  L.R.C.S.,  Edinburo-h, 

and  J.  C.  STEELE,  M.D.,  of  Guy's  Hospital)  :  ' 

HOT^^^J/S^^^J  ^l.  DOMESTIC  MEDICINE  AND  HOUSE- 
S?V?^  SURGERY.  Thoroughly  Revised  and  in  part  Re- Written  by 
Jn.n?  f  ^'i^  a  Chapter  on  the  Management  of  the  Sick-room,  and 

many  Hmts  for  the  Diet  and  Comfort  of  Invalids.  With  many  new  En- 
gravmgs.    Eighteenth  Edition.    Royal  8vo.    Cloth  10/6 


^Yi^?  (James,  formerly  Lecturer  on  Natural 

Philosophy  at  the  Polytechnic) : 

THE  MAGIC  OF  SCIENCE:  A  Manual  of  Easy  and  Amusing 
fred  Fn  E'^P^^^^'^ts.  Wi,j^  gj^^j  p^^.^^.^.^  Faraday  Ld  many  S 
edges,  s/.^'"'""^'-     ^''^''^  Edition.     Crown  8vo.     Cloth  gilt  a^d  gUt 

jni^S'^^SVcln^c?^  during  the  holidays.    A  thousand 

how  to  construct  a  Galvanic  i.tL?y"  tw  o  glf  a  MedarL^rt'  S'^TS- Gas, 
reproduce  one  bv  Electrntvnmo-  1        i   ^  °y  i-lectro-Plating,  or  to 

wAilc  the  elemenTs  of  R-fechS'-ir^  .vnf  -  ""f '  .Microscope  or  t.-,ke  a  Photograph" 
mechanical  of  mindf  mt  st  understo^^^^^^  clearly  that  the  most  ^un: 

praise."-r/,(r  Graphic.  ^"^h  a  work  is  deserving  of  the  highest 

wo^ JeUV^sit^rt'can tSS^^^^^^  I^T^'  Science  by  witnessing  the 
th^t  we  could  recommend  a  nC  useful'v'^irmc '^"^^^^  kno,^ 
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EDUCATIONAL  WORKS. 


*»*  specimen  Copies  of  all  the  Educational  Works  published  by  Messrs 
Charles  Origin  and  Comf  any  via  -  be  seen  at  the  Libraries  of  (he  College  o 
Preceptors,  Sozith  Kensington  Museum,  and  Crystal  Palace;  also  at  the  depots 
of  the  Chief  Edticational  Societies. 


BRYCE  (Archibald  Hamilton,    D.C.L.,  LL.U., 

Senioi-  Classical  Moderator  in  the  University  of  Dublin) : 

THE  WORKS  OF  VIRGIL.     Text  from  Heyne  and  Wagner. 
English  Note^  original,  and  selected  from  the  leading  German,  American, 
and  English  Commentators.    Illustrations  from  the  antique.    Complete  in 
One  Volume.    Fourteenth  Edition.    Fcap  8vo.    Cloth,  6/. 
Or,  in  Three  Parts  : 

Part  I.  Bucolics  and  Georgics,  .  .  2/6. 
Part  II.  The  ^Eneid,  Books  I.-VI.,  .  2/6. 
Part  III.  The  /Eneid,  Books  VII.-XII.,.  2/6. 

"  Contains  the  pith  of  what  has  been  written  by  the  best  scholars  on  the  subject. 
.    .    .    The  notes  comprise  everything  that  the  student  can  want."— >1 

"  The  most  complete,  as  well  as  elegant  and  correct  edition  of  Virgil  ever  published  in 
this  country." — Kducatwmil  Tunes. 

"The  best  commentai-y  on  Virgil  which  a  student  can  obtain."— J"i('/,r;«(rn. 


COBBETT  (William):  ENGLISH  GRAMMAR, 

in  a  Series  of  Letters,  intended  for  the  use  of  Schools  and  Young  Persons 
in  general.  With  an  additional  chapter  on  Pronunciation,  by  the  Author  s 
Son,  James  Paul  Cobbett.  The  only  correct  and  authorised  Edition. 
Fcap  8vo.    Cloth,  1/6. 

"A  new  and  cheapened  edition  of  that  most  excellent  of  all  Knglish  C^nmimars^ 
William  Cobbett's.  It  contains  new  copyright  matter,  as  well  as  mcludes  the  eqnally 
amusi.?g  and  in.structive  '  Si.x  Lessons  intended  to  prevent  Statesmen  from  wnt.ng  m  an 
awkward  vazxme.x.' " —Atlas. 


COBBETT  (William):  A  FRENCH  GRAMMAR. 

Fifteenth  Edition.    Fcap  8vo.    Cloth,  3/6. 

"  Rnsinpss  men  commencing  the  study  of  French  will  find  this  trc.ntisc  oiie  of  the  best 
aids  !    It  is  largely  us^ed  on  the  Continent."->^<^&«rf  Counties  Hcrcld. 


COBBIN'S  MANGNALL:  MANGNALL'S 

PTISTORICAL  AND  MISCELLANEOUS  QUESTIONS,  for  the  use 
of  Youn-  People  By  Richmal  Mangnall.  Greatty  enlarged  and 
corrected:  and  con  tint,  ed  to  the  present  time,  by  Ingram  Cohb.n,  M.A. 
Fifty-fourth  Thoxisand    New  Illustrated  Edition.    i2mo.    Cloth,  4/. 


ED  UCA  TIONAL  P UBLICA  TIONS. 


COLERIDGE  (Samuel   Taylor):   A  DISSER- 
TATION  ON   THE   SCIENCE   OF   METHOD.  {.Encychpccdia 
■  MetropolUana.)    With  a  Synopsis.    Ninth  Edition.    Cr.  8vo.     Cloth,  2/. 


CRAIK'S  ENGLISH  LITERATURE. 

A    COMPENDIOUS    HISTORY  OF 

ENGLISH  LITERATURE  AND  OF  THE  ENGLISH  LANGUAGE 
FROM  THE  NORMAN  CONQUEST.  With  numerous  Specimens. 
By  George  Lillie  Craik,  LL.D.,  late  Professor  of  History  and 
English  Literature,  Queen's  College,  Belfast.  Neiv  Edition.  In  two 
vols.    Royal  8vo.    Handsomely  bound  in  cloth,  25/. 

GENERAL  CONTENTS. 
Introuuctory. 

I.— The  Norman  Period— The  Conquest. 
II.— Second  English— Commonly  called  Semi-Saxon. 

III.  — Third  English— Mixed,  or  Compound  English. 

IV.  — Middle  and  Latter  Part  of  the  Seventeentil  Century. 
V. — The  !  Century  between  the  English  Revolution  and 

the  French  Revolution. 
VI. — The  Latter  Part  of  the  Eighteenth  Century. 
VII.— The  Nineteenth  Century  {a)  The  Last  Age  of  the 

Georges. 
{b)  The  Victorian  Age. 
With  numerous  Excerpts  and  Specimens  of  Style. 

"Anyone  who  will  take  the  trouble  to  ascertain  the  fact,  will  find  how  completely 
even  our  great  poets  and  other  writers  of  the  last  generation  have  already  faded  from  the 
view  of  the  present,  ^with  the  most  numerous  class  of  the  educated  and  reading  public 
Scarcely  anythmg  is  generally  read  exxept  the  publications  of  the  day.    Yet  nothing 

IS  MORE  CERTAIN  THAN  THAT  NO  TRUE  CULTIVATION  CAN  BE  SO  ACQUIRED.     This  is 

the  extreme  case  of  that  entire  ignorance  of  history  which  has  been  affirmed,  not  with 

.    .    .    The  present  work 

combines  the  History  of  the  Literature  with  the  History  of  the  Language 

r^^l.^         °  1  """"^  revolutions  of  the  language  which  is  followed  here  is 

HvP^Ti^H.       f '  r "P°"  arbitrary,  but  upon  natural  or  real  distinctions, 

fr™r  "  rXlTr"^  "J/  ^"?Jff">=V''^^"  '^'^"'^  '°  reg.-u-dedas  of  a  scientific 
cnaracter.  — ii-.-ctraci from  the  Author s  P7-eface 

nroba'blv'fnk.?^'';'r-,''°°''  ^-^  ",does  through  the  whole  history  of  the  language, 

r^^l.  l     ■         P^S-^  5""f  g'"«at  ^'^'ue  of  the  book  is  its  thoroifgh 

Srrntc=;r-'-!"i.:L  J^'!.S!  cl,ar  and  straightforward,  and  deals  not  in  theS 

Thc^fmc^'  '''''  ^"^^^^ded  in  making  a  book  more  than  usually  agreeable."- 

CRAIK  (Prof.)  :  A  MANUAL  OF  ENGLISH 

LITERATURE   for  the  use  of  Colleges,  Schools,  and  Civil  SeiYlce 
•      Exammat.ons.    Selected  from  the  larger  work,  by  Dr.  Craik  NhUh 
^./r/e.;..    With  an  Additional  Section  on  Recent  Literatu  -e  by  Henry 
Craik,  M.  A.,  Author  of A  Life  of  Swift."    Crown  8vo     Cloth  7?6 
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WORKS  BY  CHARLES  T.  CRUTTWELL,  M.A., 

Fellow  of  Merton  College,  Oxford,  and  Head  Master  of  Malvern  College. 

I.  — A    HISTORY    OF    ROMAN  LITERA- 

TURE  :  From  the  Earliest  Period  to  the  Times  of  the  Antonines.  Third 
Edition.    Crown  8vo.    Cloth,  8/6. 

"  Mr.  Cruttwell  has  done  a  real  service  to  all  Students  of  the  JLatin  Language  and 
Literature.    .    .    .    Full  of  good  scholarship  and  good  criticism."— j4  2;/;?«<^a;K. 

"A  most  serviceable — indeed,  indispensable — guide  for  the  Student.  .  .  ,  The 
'general  reader'  will  be  both  charmed  and  instructed." — Saturday  Rl-vicw. 

"  The  Author  undertakes  to  make  Latin  Literature  interesting,  and  he  has  succeeded. 
There  is  not  a  dull  page  in  the  volume." — Academy. 

"  The  great  merit  of  the  work  is  its  fulness  and  accuracy." — Guardian. 

"  This  elaborate  and  careful  work,  in  every  respect  of  high  merit.  Nothing  at  all 
equal  to  it  has  hitherto  been  published  in  England." — British  Quarterly  Review. 

Covipaiiion  Volume.    Seco7id  Editio7i. 

II.  — SPECIMENS    OF    ROMAN  LITERA- 

TURE :  From  the  Earliest  Period  to  the  Times  of  the  Antotiines.  Passages 
from  the  Works  of  Latin  Authors,  Prose  Writers,  and  Poets  : 

Part  I. — Roman  Thought  :  Religion,  Philosophy  and  Science, 

Art  and  Letters,  6/. 
Part  II. — Roman  Style  :  Descriptive,  Rhetorical,  and  Humorous 
Passages,  5/- 

Or  in  One  Volume  complete,  io/6. 
Edited  by  C.  T.  Cruttwell,  M.A.,  Merton  College,  Oxford;  and 
Peake  Banton,  M.  a.,  some  time  Scholar  of  Jesus  College,  Oxford. 

"'Specimens  of  Roman  Literature'  marks  a  new  era  in  the  study  of  Latm."— 
English  Churchman. 

"  Schoolmasters  and  tutors  will  be  grateful  for  a  volume  "which  supplies  them  at  once 
with  passages  of  every  shade  of  difficulty  for  testing  the  most  different  capacity,  or  which 
may  be  read  with  advantage  in  the  higher  forms  of  schools.  There  is  no  other  book  ot 
the  kind  in  this  country  which  can  be  more  safely  recommended,  either  for  its  breadth, 
cheapness,  or  interest."^Pri}/.  Ellis  in  the  "Academy." 


C  U  R  R I  E     (Joseph,    formerly    Head  Classical 

Master  of  Glasgow  Academy) : 

THE   WORKS  OF  HORACE:   Text  from  Orellius.  Enghsh 
Notes,  original  and  selected,  from  the  best  Commentators.  Illustrations 
from  the  antique.    Complete  in  One  Volume.    Fcap  8vo.    Cloth,  S/. 
Or  in  Two  Parts  : 

Part  I.— Carmina,  3/- 

Part  II.— Satires  and  Epistles,      .      .  3/- 

"The  notes  are  excellent  and  exhaustive."— Quarterly  yo7ir>tal  of  Education. 

 EXTRACTS  FROM  CESAR'S  Com- 
mentaries ;  containing  his  description  of  Gaul,  Britain,  and  Gerniany. 
With  Notes,  Vocabulary,  &c.  Adapted  for  Young  Scholars.  Fo^^rt^ 
Edition.    i8mo.    Cloth,  i/6. 

D'ORSEY    (Rev.   Alex.    J.    D.,.  B.D.,  Corpus 

Christi  Coll.,  Cambridge,  Lecturer  at  King's  College  London) : 

SPELLING  BY  DICTATION:  Progressive  Exercises  m  English 
Orthography,  for  Schools  and  Civil  Service  Examinations.  Sixteenth 
Thousand.    iSmo.    Cloth,  i/. 


ED UCA  TIONAL  P  UBLIGA  TI0N8. 
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FLEMING   (William,    D.D.,   late    Professor  of 

Moral  Philosophy  in  the  University  of  Glasgow) : 

THE  VOCABULARY  OF  PHILOSOPHY:  Mental,  Moral 
•  AND  Metaphysical.    With  Quotations  and  References  for  the  Use  of 
Students.    Revised  and  Edited  by  Henry  Calderwood,  LL.D.,  Pro- 
fessor of  Moral  Philosophy  in  the  University  of  Edinburgh.  Third 
Edition,  enlarged.    Crown  8vo.    Cloth  bevelled,  10/6. 

McBURNEY    (Isaiah,    LL.D.,):  EXTRACTS 

FROM  OVID'S  METAMORPHOSES.    With  Notes,  Vocabulary  &c 
Adapted  for  Young  Scholars.    Third  Edition.    i8mo.    Cloth,  1/6. 

MENTAL  SCIENCE:  S.  T.  COLERIDGE^S 

celebrated  Essay  on  METHOD  ;  Archbishop  Whately's  Treatises  on 
Logic  and  Rhetoric,    Tenth  Edition.    Crown  8vo.    Cloth,  5/. 

MILLER  (W.  Galbraith,  M.A.,  LL.B.,  Lecturer 

UnivetJly  o'j'^Vs^ot'r"  J-ispi-dence  and  International  Law.  in  the 

LECTURES  ON    THE    PHILOSOPHY  OF   LAW      In  8vo 
(/« preparation.)  -L-fivv.     m  Svo. 


WORKS  BY  WILLIAM  RAMSAY,  M.A„ 

Trimty  College,  Cambridge,  late  Professor  of  Humanity  in  the  University  of  GlLgow. 

A  MANUAL  OF  ROMAN  ANTIQUITIES 

For  the  use  of  Advanced  Students.  With  Map  1-20  Enf^avino-=  =,r,^ 
copious  Index.    T^oelfth  Edition.    Crown  Svo.'   §0^^8/6  ^'^^ 

V^s°-7a^nfut  "'""^  ^P™-^  scholarship  within  a  moderate  com- 

RAMSAY   (Professor):    AN  ELEMFNTARV 

MANUAL  OF  ROMAN  ANTIOUITIFS  ,  a\  r 

With  numerous  lUustrationf  ^SSlL.^^^^^^^^^^^ 

 A  MANUAL  OF  LATIN  PROc;onv 

Ihere  .s  no  other  work  on  the  subject  worthy  to  compete  with  iV'-Aa.L^ 

""II^^N^RosoDY^fi^^^'^^R'^  MANUAL  OF 

LATIN  PROSODY.  Adaptedfor  Junior  Classes.  Crown  8vo.  '  Cloth;  2/. 


22 
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THE  SCHOOL  BOARD  READERS  : 

A  New  Series  of  Standard  Reading-Books. 

EDITED  T3Y  A  FORMER  H.M.  INSPECTOR  OF  SCHOOLS. 

Adopted  by  many  School  Boards  throughout  the  Country, 

Standard  III.,       .       .  gd. 
,,       IV.,       .       .       IS.  od. 
v.,       .       .       IS,  6d. 


Elementary  Reader,  Part  I.,  id. 

„  II.,  2d. 

Standard  I.,  .       .       .  4d. 
„     II.,  .       .       .  6d. 


,,      VI.,       .       .       2s,  od. 

Key  to  the  Questions  in  Arithmetic  in  2  Parts,  each  6d. 
*^*  Each  Book  of  this  Series  contains  within  itself  all  that  is  necessary  to 
fulfil  the  requirements  of  the  Revised  Code — viz.,  Reading,  Spelling,  and 
Dictation  Lessons,  together  with  Exercises  in  Arithmetic  for  the  whole  year. 
The  paper,  type,  and  binding  are  all  that  can  be  desired. 

"The  Books  generai-i.y  are  very  much  what  we  should  desire."— T'/ww. 
"The  Series  Ls  decidedly  one  of  the  best  that  have  yet  appeared." — Athenautn. 


THE  SCHOOL  BOARD  MANUALS 

On  the  Specific  Subjects  of  the  Revised  Code, 
BY  A  FORMER  H.M.  INSPECTOR  OF  SCHOOLS, 
Editor  of  the  "  School  Board  Readers." 
64  pages,  stiff  wrapper,  (id.  ;  neat  cloth,  ^d.  each 


T.  -ALGEBRA. 
II.— ENGLISH  HISTORY. 

III.  -  GEOGRAPHY. 

IV.  — PHYSICAL  GEOGRAPHY. 


v.— ANIMAL    PHYSIOLOGY.  (Well 
Ilhistrated  with  good'Engravings.) 
VI.— BIBLE   HISTORY.     (Entirely  free 
from  any  Denominational  bias.) 


SENIOR  (Nassau  William,  M.A.,  late  Professor 

of  Political  Economy  in  the  University  of  Oxford).        .    ^  .  ... 

A  TREATISE  ON  POLITICAL  ECONOMY  :  the  Science  which 
treats  of  the  Nature,  the  Production,  and  the  Distribution  of  Wealth. 
Sixth  Edition.    Crown  8vo.    Cloth.    {Encyclopedia  Mclropohtaua),  4/. 

THOMSON  (James):  THE  SEASONS.  With 

an  Introduction  and  Notes  by  Robert  Bell,  Editor  of  the  "  Annotated 
Series  of  British  Poets."    Third  Editw?,.    Fcap  8vo.    Cloth,  1/6. 
•  "An  admirable  introduction  to  the  study  of  our  Engh.sh  classics. 

WHATELY  (Archbishop):  LOGIC— A  Treatise 

on.    With  Synopsis  and  Index.    {Encyclopedia  Melropohtand),  3/. 

  RHETORIC— A    Treatise   on.  With 

Synopsis  and  Index.    {Encyclopcedia  Mclropolitana),  3/6. 

WYLDE  (James):  A  MANUAL  OF  MATHE- 

MATICS,  Pure  and  Applied,  10/6. 


GENERAL  PUBLICATIONS. 
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WORKS  IN  GENERAL  LITERATURE. 


BELL  (Robert,  Editor  of  the  "Annotated  Series  of 

British  Poets  ") :  ■ 
GOLDEN  LEAVES  FROM  THE  WORKS  OF  THE  PnETS 

•Steel,  after  Paintings  by  David  Roberts,  Stanfield,  lIslie  Sto- 
THARD,  Haydon,  Cattermole,  Nasmyth,  Sir  Thomas  Laxvrence 

••The  Poems  arc  selected  with  taste  and  judgment,  "-r/ww. 

•'The  engravings  are  from  drawings  by  Stothard    Newton    DnnK,,    T  i- 

"  -yho/char^ingareman?:f7e  FAt^^^'^T- 

CHRISTISON  (John)  :   A  COMPLETE  SYS 


THE  WORKS  OF  WILLIAM  COBBETT. 
THE  ONLY  AUTHORISED  EDITIONS. 

COBBETT  (William)  :  ADVICE  TO  YOUNC 

-  Lover,  a  ]  h,shan     a  Fa  her  a  Son    "'r^' T  ^  ^  ^^^^eb^ 

/^'V./.../..V....y,.^.,,-,:;^J^;,,;^  C,t.cn,ancl  a  Subject.    Ne^.  ^,uiou. 

W  h       ~    "^'"''^"J'  ^''""'"c-  ■    ■    .    .    tie  was  the  most  Englisli  of 

'KnElishnnlfii:<,!'^V^%^^°bbm^^^^  a  continual  refreshment  to  the  lover  of 
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William  Cobbett's  Wov-Ks—f  Cotii/mtedJ. 

COBBETT  (Wm.) :  COTTAGE  ECONOMY  : 

Containing  information  relative  to  the  Brewing  of  Beer,  Making  of  Bread, 
Keeping  of  Cows,  Pigs,  Bees,  Poultry,  &c.  ;  and  relative  to  other  matters 
deemed  useful  in  conducting  the  affairs  of  a  Poor  Man's  Family.  Eighteenth 
Edition,  revised  by  the  Author's  Son.    Fcap  8vo.    Cloth,  2/6. 

■  EDUCATIONAL  WORKS.  (See 

page  18.) 

 A  LEGACY  TO  LABOURERS:  An 

Argument  showing  the  Right  of  the  Poor  to  Relief  from  the  Land.  With 
a  Preface  by  the  Author's  Son,  John  M.  Cobbett,  late  M.P.  for  Oldham. 
New  Edition.    Fcap  Svo.    Cloth,  1/6. 

"  The  book  cannot  be  too  much  studied  just  now." — Nonconforinisi. 

"  Cobbett  was,  perhaps,  the  ablest  PoUtical  writer  England  ever  produced,  and  his 
influence  as  a  Liberal  thinker  is  felt  to  this  day.  .  ,  ,  It  is  a  real  treat  to  read  his 
strong  racy  language." — Pttblic  Opinion. 

 A  LEGACY  TO  PARSONS  :  Or,  have  the 

Clergy  of  the  Established  Church  an  Equitable  Right  to  Tithes  and 
Church  Property  ?    Ncm  Edition.    Fcap  Svo.    Cloth,  1/6. 

"  The  most  powerful  work  of  the  greatest  master  of  political  controversy  this  country 
has  ever  produced." — Pall  Mall  Gazette. 


COBBETT    (Miss   Anne):    THE  ENGLISH 

HOUSEKEEPER ;  or.  Manual  of  Domestic  Management.  Containing 
Advice  on  the  conduct  of  Household  Affairs  and  Practical  Instructions, 
intended  for  the  Use  of  Young  Ladies  who  undertake  the  superintendence 
of  their  own  Housekeeping.    Fcap  Svo.    Cloth,  3/6. 

COOK'S   VOYAGES.    VOYAGES  ROUND 

THE  WORLD,  by  Captain  CoOK.  Illustrated  with  Maps  and  numerous 
Engravings.    Two  vols.    Super-Royal  Svo.    Cloth,  30/. 

DALGAIRNS  (Mrs.):  THE  PRACTICE  OF 

COOKERY,  adapted  to  the  business  of  Every-day  Life.  By  Mrs.  Dal- 
GAIRNS  The  best  book  for  Scotch  dishes.  About  Fifty  new  Recipes  have 
been  added  to  the  present  Edition,  but  only  such  as  the  Author  has  had 
adequate  means  of  ascertaining  to  be  valuable.  Seventeenth  Edition. 
Fcap  Svo.    Cloth.    [In preparation.) 

"We  consider  we  have  reason  strongly  to  recommend  Mrs.  I^a'gairns'  as  an  ec^o^ 
mical,  useful,  and  practical  system  of  cookery,  adapted  to  thp  wants  of  all  families,  from 
the  tradesman's  to  the  country  gentleman's."— 3>«rc/a/or._ 


GENERAL  PUBLICATIONS. 
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D'AUBIGNE  (Dr.  Merle) :  HISTORY  OF  THE 

REFORiVrATION.  With  the  Author's  latest  additions  and  a  new  Pre- 
face. Many  Woodcuts,  and  Twelve  Engravings  on  Steel,  illustrative  of 
the  life  of  Martin  Luther,  after  Lauouchere.  In  one  large  volume. 
Demy  4to.    Elegantly  bound  in  cloth,  21/. 

"  In  this  edition  the  principal  actors  and  scenes  in  the  great  drama  of  the  Sixteenth] 
Century  are  brought  vividly  before  the  eye  of  the  reader,  by  the  skill  of  the  artist  and 
Engraver. " 

DONALDSON    (Joseph,  Sergeant   in  the  94th 

Scots  Regiment) : 

RECOLLECTIONS  OF  THE  ElVENTFUL  LIFE  OF  A 
SOLDIER  IN  THE  PENINSULA.  Neio  Edition.  Fcap  8vo. 
Gilt  sides  and  edges,  4/. 

EARTH  DELINEATED  WITH  PEN  AND 

PENCIL  (The) :  An  Illustrated  Record  of  Voyages,  Travels,  and  Ad- 
ventures all  round  the  World.  Illustrated  with  more  than  Two  Hundre^l 
Engravings  in  the  first  style  of  Art,  by  the  most  eminent  Artists,  including 
several  from  the  master-pencil  of  Gustave  Dorb.  Demy  4to,  750  pages. 
Very  handsomely  bound,  2 1 /. 


MRS.  ELLIS'S  CELEBRATED  WORKS 
On  the  Influence  and  Character  of  Women. 

THE  ENGLISHWOMAN'S  LIBRARY: 

A  Series  of  Moral  and  Descriptive  Works.  By  Mrs.  Ellis.  Smal? 
8vo,    Cloth,  each  volume,  2/6. 

1.  — THE  WOMEN  OF  ENGLAND:  Their  Social  Duties  and 

Domestic  Habits.     T/iiriy-ninth  I'Jiomand. 

2.  — THE  DAUGHTERS   OF   ENGLAND:   Their  Position  fn 

Society,  Character,  and  Responsibilities.    Twentieth  Thousand 

3.  — THE    WIVES   OF    ENGLAND:    Their   Relative  Duties, 

Domestic  Influence,  and  Social  Obligations.  Eighteenth 
Thousand. 

4.  — THE  MOTHERS  OF  ENGLAND  :  Their  Influence  and  Re- 

sponsibilities.    Twentieth  Thousand. 

5.  -FAMILY   SECRETS;   Or,  Hints  to  make  Home  Happ)-. 

Three  vols.    Twenty-third  Thousand. 

6.  -SUMMER  AND  WINTER  IN  THE  PYRENEES.  Tenth 

Thousand. 

7.  — TEMPER    AND    TEMPERAMENT  ;    Or,     Varieties  of 

Character.    Two  vols.     2  enth  Thousand. 

8.  -PREVENTION  BETTER  THAN  CURE;  Or,  the  Moral 

Wants  of  the  World  we  live  in.     Tvel]th  Thousand. 

9.  -HEARTS  AND  HOMES;  Or,  Social  Distinctions.  Three 

vols.    Tenth  Thousand. 


26  CHARLES  GRIFFIN  A  COMPANY'S 


THE  EMERALD  SERIES  OF  STANDARD  AUTHORS. 


BURNS'  (Robert)  SONGS  AND  BALLADS. 

With  an  Introduction  on  the  Character  and  Genius  of  Bums.  By 
Thomas  Carlyle.  Carefully  printed  in  antique  type,  and  illustrated 
With  Portrait  and  beautiful  Engravings  on  Steel.  Seco7id  Thousand. 
Cloth,  gilt  edges,  3/. 

BYRON  (Lord):  CHILDE  HAROLD'S  PIL- 

GRIMACE.  With  Memoir  by  Professor  Spalding.  Illustrated  with 
Portrait  and  Engravings  on  Steel,  by  Greatbach,  Miller,  Lightfoot, 
&c.,  from  Paintings  by  Cattermole,  Sir  T.  Lawrence,  H.  Howard, 
and  Stothard.  Beautifully  printed  on  toned  paper.  Thii-d  Thousand. 
Cloth,  gilt  edges,  3/. 

CAMPBELL  (Thomas):   THE  PLEASURES 

OF  HOPE.  With  Introductory  Memoir  by  the  Rev.  Charles  Rogers, 
LL.D.,  and  several  Poems  never  before  published.  Illustrated  with  Por- 
trait and  Steel  Engravings.    Secottd  Thousaiid.    Cloth,  gilt  edges,  3/. 

CHATTERTON'S   (Thomas)  POETICAL 

WORKS.  With  an  Original  Memoir  by  Frederick  Martin,  and 
Portrait.  Beautifully  illustrated  on  Steel,  and  elegantly  printed.  Fourth 
Thousand.    Cloth,  gilt  edges,  3/. 

GOLDSMITH'S  (OHver)  POETICAL  WORKS. 

With  Memoir  by  Professor  Spalding.  Exquisitely  illustrated  with  Steel 
Engravings.  New  Edition.  Printed  on  superior  toned  paper.  Sevmth 
Thousand.    Cloth,  gilt  edges,  3/. 

GRAY'S  (Thomas)  POETICAL  WORKS.  With 

Life  by  the  Rev.  John  Mitford,  and  Essay  by  the  Earl  of  Carlisle. 
With  Portrait  and  numerous  Engravings  on  Steel  and  Wood.  Elegantly 
printed  on  toned  paper.  Eton  Edition,  with  the  Latin  Poems.  Sixth 
Theusaitd.    Cloth,  gilt  edges,  5/. 

HERBERT'S  (George)  POETICAL  WORKS. 

With  Memoir  by  J.  Nichol,  B.A.,  Oxon,  Prof,  of  English  Literature  in 
the  University  of  Glasgow.  Edited  by  Charles  Cowden  Clarke. 
Antique  headings  to  each  page.    Secottd  Thousaiui.    Cloth,  gilt  edges,  3/. 

KEBLE    (Rev.    John):   THE  CHRISTIAN 

YEAR.     With  Memoir  by  W.  Temple,  Portrait,  and  Eight  beautiful 

Engravings  on  Steel.    Second  Thousand. 

Cloth,  gilt  edges,       .        .        .       •  S/- 
Morocco,  elegant,      ....  10/6. 
Malachite  12/6. 
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The  Emerald  S^Vii-E.s—{Co}itiniicd). 

POE'S  (Edgar  Allan)  COMPLETE  POETICAL 

WORKS.    Edited,  with  Memoir,  by  James  Hannay,    Full-page  Illus- 
trations after  Wehnert,  Wier,  &c.   Toned  paper.    Thirteenth  Thousand. 
Cloth,  gilt  edges,       .       .       .       •  3/- 
Malachite,  ,  10/6. 

Other  vohunes  itt  preparation. 


FINDEN'S  FINE  ART  WORKS. 


BEAUTIES  OF  MOORE:  being  a  Series  of 

Portraits  of  his  Principal  Female  Characters,  from  Paintings  by  eminent 
Artists,  engraved  in  the  highest  style  of  Art  by  Edward  Finden,  with  a 
Memoir  of  the  Poet,  and  Descriptive  Letterpress.    Folio.    Cloth  gilt,  42/. 

DRAWING-ROOM  TABLE  BOOK  (The):  a 

Series  of  31  highly-finished  Steel  Engravings,  with  descriptive  Tales  by 
Mrs.  S.  C.  I-lALL,  Mary  Howitt,  and  others.    Folio.    Cloth  gilt,  21/, 

GALLERY  OF  MODERN  ART  (The) :  a  Series 

of  31  highly-finished  Steel  Engravings,  with  descriptive  Tales  by  Mrs. 
S.  C.  Hall,  Mary  Hov^titt,  and  others.    Folio.    Cloth  gilt,  21/. 


FISHER'S  READY -RECKONER.     The  best 

in  the  World.    New  Edition.    i8mo.    Cloth,  1/6. 

GILMER'S  INTEREST  TABLES;  Tables  for 

Calculation  of  Interest,  on  any  sum,  for  any  number  of  days,  sX  %,  I, 
iK.  2,  2^,  3.  3K>  4,  4K>  5  and  6  per  Cent.  By  Robert  Gilmer. 
Corrected  and  enlarged.    Elevctith  Edition.     i2mo.    Cloth,  5/. 

GR/EME  (Elliott)  :  BEETHOVEN  :   a  Memoir. 

With  Portrait,  Essay,  and  Remarks  on  the  Pianoforte  Sonatas,  with 
Hmts  to  Students,  by  Dr.  Ferdinand  Hiller,  of  Cologne.  Second 
Edition  slightly  enlorged.    Crown  8vo.    Cloth  gilt,  elegant,  5/. 

....i,Ki^  w^l"'/?''-'"'"''''',"f.^'="°'''-  •  •  •  The  newest,  prettiest,  and  most 
readable  sketch  of  the  nnmortal  Master  of  U.xx%\c.— Musical  Standard. 

pleasant  Memorial  of  the  Centenary."— .^/iv^rtz-on 
Examiner  book  -  concise;    sympathetic,    judicious."  -  ^IW/wifs^ 

A  NOVEL  WITH   TWO  HEROES. 


Second  Edition.    In  2  vols.    Post  8vo.    Cloth  21/. 

^]  A  decided  literary  success."— ' 

f.oi'.  -r-,,  •    =^bove  the  average  even  of  good  novels^  free 

from  .sensationalism,  but  full  of  interest  .  .  ^  touches  the  deeper  chords  "of  Ufe 
.   .    .    deUneation  of  character  remarkably  good."-^/ff^aif^>n      ^'"P"  °'  "te 
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HOGARTH:  The  Works  of  William  Hocrarth,  in 

a  Senes  of  ISO  steel  Engravings  by  the  First  Artists,  witl? descriptive 
Letterpress  by  the  Rev  John  Trcsler,  and  Introductory  Essay  by  Tames 

uhat  we  fre;"°'°P  "^'"^  ^'-^^'■'■'^'^  ^^e  sturdy  English  virtues  which  have  made  us 

KNIGHT  (Charles):  PICTORIAL  GALLERY 

OF  THE  USEFUL  AND  FINE  ARTS.  With  Steel  Engravings,  and 
nearly  4,000  Woodcuts.    Two  vols.    Folio.    Cloth  gilt,  42/. 

  PICTORIAL  MUSEUM  OF  ANIMA- 
TED N  A  rURE.    Illustrated  with  4,000  Woodcuts.    Two  vols  Folio 
Cloth  gilt,  35/. 

MACKEY'S  FREEMASONRY: 

A  LEXICON  OF  FREEMASONRY.  Containing  a  defiirition  of  its 
Communicable  Terms,  Notices  of  its  History,  Traditions,  and  Antiquities, 
and  an  Account  of  ail  tlie  Rites  and  Mysteries  of  the  Ancient  World  By 
AuiERT  G.  Mackey,  M.D.,  Secretary-General  of  the  Supreme  Council 
of  the  U.S.,  &c.  Scvoith  Edition,  thoroughly  revised  witli  Appendix  by 
Michael  C.  Peck,  Prov.  Grand  Secretary  for  N.  and  E.  Yorkshire.  Hand- 
somely bound  in  clotli.    {At  Press.) 


HENRY  MAYHEW'S  CELEBRATED  WORK  ON 
THE  STREET-FOLK  OF  LONDON. 

LONDON  LABOUR  AND  THE  LONDON 

POOR  :  A  Cyclopaidia  of  the  Condition  and  Earnings  of  those  that  luili 
-ivork  and  those  that  cannot  woiL  By  Henuy  Mayhew.  With  many 
full-page  Illustrations  from  Photographs.  In  three  vols.  Demy  8vo. 
Cloth.    Each  vol.  4/6. 

■'  Every  page  of  the  work  is  ful'i  of  valuable  information,  laid  down  in  so  interesting  a 
manner  that  the  reader  can  never  xxyit."  -I llustralcd  Loudon  News. 

"  Mr.  Henry  Mayhew's  famous  record  of  the  habits,  earnings,  and  sufferings  of  the 
London  poor." — Lloyd's  IVcc/cty  I.otidcn  Ne:vspaper. 

"This  remarkable  hook,  in  which  Mr.  Mayhew  gave  the  better  classes  their  first  real 
insight  into  the  habits,  modes  of  livelihood,  and  current  of  thought  of  the  London 
poor."—  TJie  Patriot. 

The  Extra  Volume. 

LONDON  LABOUR  AND  THE  LONDON 

POOR  :  Those  that  'Mill  not  work.  Comprising  the  Non-workers,  by. 
Henry  Mayhew  ;  Prostitutes,  by  Bracebridge  Hemyng  ;  Thieves, 
by  John  Binny  ;  Beggars,  by  Andrew  Halliday.  With  an  Intro- 
ductory Essay  on  the  Agencies  at  Present  in  Opeiation  in  the  Metropolis 
,  for  the  Suppression  of  Crime  and  Vice,  by  the  Rev.  William  Tuckniss, 
15. A.,  Chaplain  to  the  Society  for  the  Rescue  of  Young  Women  and 
Children.  With  Illustrations  of  Scenes  and  Localities.  In  one  large 
vol.    Royal  8vo.    Cloth,  10/6. 

"The  work  is  full  of  interesting  matter  for  the  casual  reader,  while  the  philanthropist 
and  the  philosopher  will  find  details  of  the  greatest  import." — City  Press. 
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Mr.  Mayhew's  London  Labour — (Conliimed). 

Compa7iion  vol  nine  to  tht  preceding. 

THE  CRIMINAL  PRISONS  OF  LONDON, 

and  Scenes  of  Prison  Life.  By  IIen'ry  MayHew  and  John  Binny.  Illus- 
trated by  nearly  two  hundred  Engravings  on  Wood,  principally  from 
Photographs.    In  one  large  vol.    Imperial  Svo.    Cloth,  10/6. 

"This  volume  concludes  Mr.  Henry  Mayhew's  account  of  his  researches  into  the 
crime  and  poverty  of  London.  The  amount  of  labour  of  one  kind  or  other,  which  the 
whole  series  of  his  publicalions  represents,  is  something  almost  incalculable." — Literary 
Budget. 

»*,  This  celebrated  Record  of  Investigations  into  the  condition  of  the  Poor  of  the 
Metropolis,  undertaken  from  philanthropic  motives  by  Mr.  He.nrv  M.whew,  first  gave  the 
wealthier  classes  of  England  some  idea  of  the  state  of  Heathenism,  Degradation,  and  Misery 
III  which  miiltitudes  of  their  poorer  brethren  languished.  His  revelations  created,  at  the 
time  of  their  appearance,  universal  horror  and  excitement— that  a  nation,  professedly 
Christ  t(iH,  should  have  in  its  midst  a  vast  popidation,  so  siuik  in  ignorance,  vice,  and  very 
hatred  of  Religion,  w.as  deemed  incredible,  until  further  examination  established  the  truth 
of  the  statement;;  advanced.  The  result  is  well  known.  The  London  of  Mr.  M.iyhkw  will 
happily,  soon  exist  only  in  his  pages.  To  those  who  would  appreciate  the  efforts  already 
made  among  the  ranks  which  recruit  our  "dangerous"  classes,  and  who  would  learn  what 
yet  remams  to  be  done,  the  work  will  afford  enlightenment,  not  unmingled  with  surprise 


MILLER  (Thomas,  Author  of  "Pleasures  of  a 

Countty  Life,"  &c.) : 

THE  LANGUAGE   OF   FLOWERS.     With   Eight  beautifullv- 
co  oured   Floral  Plates.     Fcap   Svo.     Cloth,    gilt  edge,  Fot,.rtce,ilh 

J /louscmd,  2/6 

Morocco,     .       .       .       .       ,  .7/6. 

THE   LANGUAGE    OF  FLOWERS 


Abridged  from  the  larger  work  by  Thomas  Miller.  With  coloured 
iTontispicce.     Cheap  Edition.    Limp  cloth,  6d. 

POE'S  (Edgar  Allan)  COMPLETE  POETICAL 

WORKS.  Edited,  with  Memoir,  by  James  Hannay.  Full-page  Illus- 
iaratecfV'^"'^^''  ^"'^  ^"  Pap-'wrapper. 

POETRY  OF  THE  YEAR  :  Or,  Pastorals  from 
^^.^r^^^^L:    THE    CARTOONS  OF 

"  Forms  a  l  andsome  volume."— Wr/  and  Letters. 
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SCHILLER'S    MAID  OF  ORLEANS:  (Die 

Ttinsrfrnii 


SHAKSPEARE:    THE    FAMILY.  The 


Dramatic  Works  of  WILLIAM  SHAKSPEARE,  edited  and  expressly 
adapted  for  Home  and  School  Use.  By  Thomas  Bowdler,  F.R.S. 
With  Twelve  beautiful  Illustrations  on  Steel.    New  Edition.    Crown  8vo. 

Cloth,  gilt,  IO/6. 

Morocco  antique,       .       .       .  .17/6. 

***  This  unique  Edition  of  the  great  dramatist  is  admirably  suited  for 
home  use;  while  objectionable  phrases  have  been  expurgated,  no  rash  liberties 
have  been  taken  with  the  text. 

"  It  is  quite  undeniable  that  there  are  many  passages  in  Shakspeare  which  a  father 
could  not  read  aloud  to  his  children— a  brother  to  his  sister— or  a  gentleman  to  a  lady  ; 
and  every  one  almost  must  have  felt  or  witnessed  the  extreme  awkwardness,  and  even 
distress,  that  arises  from  suddenly  stumbling  upon  such  expressions.  .  .  Those 
who  recollect  such  scenes  must  all  rejoice  that  Mr.  Bowdler  has  provided  a  security 
against  their  recurrence.  .  .  .  This  purification  has  been  accomplished  with  sur- 
prisingly little  loss,  either  of  weight  or  value  ;  the  base  alloy  in  the  pure  metal  of 
Shakspeare  has  been  found  to  amount  to  an  inconceivably  small  proportion.  ...  It 
has  in  general  been  found  easy  to  extirpate  the  offensive  expressions  of  our  great  poet 
without  any  injury  to  the  context,  or  any  visible  scar  or  blank  in  the  composition. 
They  turn  out  to  be  not  so  much  cankers  in  the  flowers,  as  weeds  that  have  sprung  up 
by  their  side— not  flaws  in  the  metal,  but  impurities  that  have  gathered  on  its 
surface— and,  so  far  from  being  missed,  on  their  removal  the  work  generally  appears 
more  natural  .and  harmonious  without  t\\<L-m."  —  Lord  Jeffrey  hi  the  Edinbttrgk 
Review. 


SHAKSPEARE'S  DRAMATIC  &  POETICAL 


WORKS.  Revised  from  the  Original  Editions,  with  a  Memoir  and 
Essay  on  his  Genius  by  Barry  Cornwall;  and  Annotations  and 
Introductory  Remarks  on  his  Plays,  by  R.  H.  HoRNE,  and  other  eminent 
writers.  With  numerous  Woodcut  Illustrations  and  fuU-page  Steel 
Engravings  by  Kenny  Meadows.  Tetith  Edition.  Three  vols.  Super- 
royal  8vo.    Cloth,  gilt,  42/. 


SHAKSPEARE'S  WORKS.    Edited  by  T.  O. 


Halliwell,  F.R.S.,  F.S.A.  With  Historical  Introductions,  Notes, 
Explanatory  and  Critical,  and  a  Series  of  Portraits  on  Steel.  Three 
vols.    Royal  8vo.    Cloth  gilt,  50/. 
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MR.  SOUTHGATE'S  WORKS. 


"  No  one  who  is  in  the  habit  of  \VTitins  and  speaking  much  on  a  variety  of  subjects  can 
afford  to  dispense  with  Mr.  Southgate's  Wokics." — Glasgow  Netvs. 


First  Series — Thirty-Second  Edition.    Second  Series- 
Seventh  Edition. 

MANY  THOUGHTS   OF   MANY  MINDS: 

Selections  and  Quotations  from  the  best  Authors.    Compiled  and 
Analytically  Arranged  by 

HENRY  SOUTHGATE. 

In  Square  8vo,  elegantly  printed  on  Toned  Paper. 

Presentation  Edition,  Cloth  and  Gold,       ....    Each  Vol.  12/6. 

Library  Edition,  Roxburghe,      ......  ,,  14/. 

Ditto,  Morocco  Antique,    .       .       .       .       .       .       .  ,,  21/. 

Each  Series  complete  in  itself,  and  sold  separately. 

"  The  produce  of  years  of  research." — Examiner. 

"A  MAGNIFICENT  GIFT-BOOK,  appropriate  to  all  times  and  seasons." — freemasons' 
Mag-azine. 

"  Not  so  much  a  book  as  a  librarj'." — Patriot. 

"Preachers  and  Public  Speakers  will  find  that  the  work  has  special  uses  for  them."— 
Edinburgh  Daily  Revieiv. 


BY  THE   SAME  AUTHOR. 


Noiv  Ready,  Second  Edition. 

SUGGESTIVE  THOUGHTS  ON  EELIGIOUS  SUBJECTS: 

A  Dictionary  of  Quotations  and  Selected  Passages  from  nearly  1,000  of 

the  best  Writers,  Ancient  and  Modern. 
Compiled  and  Analytically  Arranged  by  PIENRY  SOUTHGATE.  In 
Square  8vo,  elegantly  printed  on  toned  paper. 

Presentation  Edition,  Cloth  Elegant,  10/6. 

Library  Edition,  Roxburghe,  12/.  . 

Ditto,  Morocco  Antique,    .        .  20/. 

"The  topics  treated  of  are  as  wide  as  our  Christianity  itself:  the  writers  quoted  from,  of 
^^^Lrl"'?"  Catholic  Church  of  JESUS  ."—A  iii/tor's  Preface. 

This  IS  another  of  Mr.  Southgate's  most  valuable  volumes.    .    .    .    The  mission  which 
the  Author  is  so  successfully  prosecuting  in  literature  is  not  only  highly  beneficial,  but  neces- 
.sary  in  this  age.    .    .    .    If  men  are  to  make  any  acquaintance  at  all  with  the  great  minds 
of  the  world,  they  can  only  do  so  with  the  means  which  our  Author  supplies.— jYowzV/ji" 
^^A  casket  of  ge.m&."—Engtis/i  Cliurclitnan. 
Mr.  Southgate's  work  has  been  compiled  with  a  great  deal  of  judgment,  and  it  will  I 

e.xtensively  useful."— y^ez;.  Canon  Liddon,  D.D.,  D.C.L. 
Many  a  busy  Christian  teacher  will  be  thankful  to  Mr.  Southgate  for  having  unearthed  ' 
so  many  rich  gems  of  Uiought  ;  while  many  outside  the  ministerial  circle  will  obtain  stimulus 
encouragement,  consolation,  and  counsel,  within  the  pages  of  this  handsome  volume."— 
Nonconjormist. 

"  Ihe  special  value  of  this  most  admirable  compilation  is  discovered,  when  attention  is 
T.^rf V^n-^iT  subject,  or  series  of  subjects,  as  illustrated  by  the  various  and 

often  brilhartt  lights  shed  by  passages  selected  from  the  best  authors  in  all  ages.    ...  A 
most  valuable  book  of  iekrence."—Edin6urgA  Daily.Review. 


3-2    CIT A  RLES  GRIFFIN  .(•  CO.  'S  GENERA  L  P  UBLICA  TIO NS. 


THE    SHILLING  MANUALS. 

By  JOHN  TIMES,  F.S.A., 

Author  of  "The  Curiosities  of  London,"  &c. 

A  Series  ofHand-Boolcs,  containing  Facts  and  Anecdotes  interestin"-  to 
all  Readers.    Second  Edition.    Fcap  8vo.    Bound  in  neat  cloth. 

Price  One  Shilling  each. 


L— TIMBS'  CHARACTERISTICS  OF  EMINENT  MEN. 

II.— TIMBS'    CURIOSITIES    OF    ANIMAL   AND  VEGETABLE 
LIFE. 

IIL— TIMBS'  ODDITIES  OF  HISTORY  AND  STRANGE  STORIES 
FOR  ALL  CLASSES. 

IV. -TIMBS'  ONE  THOUSAND  DOMESTIC  HINTS  on  the  Choice 
of  Provisions,  Cookery,  and  Housekeeping ;  new  Inventions  and 
Improvements ;  and  various  branches  of  Household  Management. 

v.— TLMBS'  POPULAR  SCIENCE:  Recent  Researches  on  the  Sun, 
Moon,  Stars,  and  Meteors ;  the  Earth ;  Phenomena  of  Life, 
Sight,  and  Sound  ;  Inventions  and  Discoveries. 

VI.— TIMBS'  THOUGHTS  FOR  TIMES  AND  SEASONS. 


Opinions  of  the  Press  on  tlie  Series. 

"  Capit.il  little  books  of  about  a  hundred  pages  each,  wherein  the  indefatigable. 
Author  is  seen  at  his  best." — MeclLaiiic  s  lilagarAnc. 

"  Extremely  interesting  volumes." — /iTeitiiig^  Standard. 

"Amusing,  instructive,  and  interesting.  ...  As  food  for  thought  and  pleasant 
reading,  we  can  heartily  recommend  the  'Shilling  Maiuials.'" — Biriningham  Daily 
Gazi:tlc. 


TIMBS  (John,  F.S.A.).:  PLEASANT  HALF- 

PIOUI^S  FOR  THE'FAMILY  CIRCLE.  Containing  Popular  Science, 
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"  We  are  not  surprised  that  a  SECOND  Series 
of  this  work  should  have  been  called  for.  Mr. 
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